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CHAPTER I 
Introduction 
l 
Historical 
The concept of secretion of hormones by various glands directly into 
the blood stream was first experimentally demonstrated by Berthold in 
1849 (Pl), (Bl). In his classical experiment the effects of castration 
were prevented by transplantation of testes tissue in the fowl. Following 
this were many other demonstrations of internal secretions but it was not 
until much later than an understanding of the principles involved in 
chemical coordination of different parts of the body was achieved by 
Bayliss and Starling (B5). 
The final proof of the existence of the type of substance responsible 
for Berthold's finding's came with the isolation of testosterone from 
bull testicles 86 years later (Dl). For other hormones the latent period 
between demonstration and isolation has not generally been as long 
although distribution of labors has often followed similar trends which 
may be outlined as follows: 
a) confirmation of initial observations b) evolution of methods of 
assay c) use of these assays in follm..ring fractionation procedures 
d) isolation of the pure active principles. Thus far hormones have been 
shown to be proteins, steroids, phenolic compounds, or polypeptides (P2). 
Following the isolation of an active compound there begins the 
problem of elucidation of structure, and finally, the problem which has 
often appeared most challenging, chemical synthesis. 
Perhaps the most widely studied of the internal secretions is the 
group known as the steroid hormones. It was early realized that the 
steroid hormones are intimately related with maintenance of many of the 
body's equilibria as well as life itself (Hl). The first steroid horraone 
2 
isolated in pure form was estrone, in 1929 (B8, D4) at which time the 
structure of the steroid nucleus was not yet known. Since then the 
structure of the steroid nucleus has been established and four endocrine 
glands have been shovm to produce steroid hormones. These are the testis, 
the ovary, the adrenal cortex, and the placenta of pregnancy. 
Chemical Structure of Adrenal Cortical Hormones: 
The earliest views regarding the nature of the adrenal cortical 
secretion assumed a single adrenocortical hormone to be present which was 
designated as 11cortin11 (H3). Using the classical approaches of endo-
crinology attempts were made to extract and characterize the active 
principle from adrenal tissue. These efforts led to the preparation of 
adrenal extracts with varying purities and physiological activities 
which however, were all adequate for li.fe maintenance in adrenalectomized 
animals (Gl, Rl, H2, H3, Sl). Fractionation of these extracts in the 
laboratories of Kendall and Mason, Wintersteiner and Pfiffner, and 
particularly Reichstein resulted in the isolation of many crystalline 
steroidal compounds which have been thoroughly reviewed by Reichstein and 
Shoppee (R2) and which are listed in Table I. 
Of the 28 steroids listedJ14 possess the a,~-unsaturated ketone 
structure in ring A (the structure of one of these is not yet known) and 
of the 13 remaining with ring A reduced, all have the allo configuration 
at C-5. One (estrone) is phenolic in ring A. Further, all but 4 belong 
to the C-21 series and of the 13 with hydroxyl group at C-3, all but one 
have the ~ configuration. It is thus seen that there are remarkable 
similarities of structure among these steroids. However, this resemblance 
in no way indicates simplicity as more questions arise than can be 
answered. Among these are: How are they formed? \~at are their 
3 
Table I 
Steroids Isolated From Adrenal Tissue Extracts 
No . Systematic Name (and Trivial Names, if Alphabetical Designations: 
any) Reich- Kendall Winter-
stein steiner 
c2105 Group 
I Allopre gnan-3~,11~,17a,20~,21-pentol A D A 
IT Allopregnan-3~,11~,17~,21-tetrol-20-one v 
III Allopregnan-3a,ll~,l7a,21-tetrol-20-one c c D 
IV Allopregnan-3~,17¢,21-triol-11,20-dione D G 
v 64Pregnene-11~,17a,20~,21-tetrol-J-one E 
VI 64Pregnene-17a,20~,21-triol-3,11-dione u 
VII 64Pregnene-11~,17a,21-triol-3,20-dione M F 
(17a-hydroxycorticosterone; hydro-
cortisone) 
VIII ~hpregnene-17a,21-diol-3,11,20-trione Fa E F 
(17a-hydroxydehydrocorticosterone; 
cortisone) 
c21o4 Group 
IX Allopregnan-3~,17a,20~,21-tetrol K 
X Allopregnan-3~,l7a,21-triol-20-one p 
XI 64Pregnene-17a,21-diol-3,20-dione s 
(17a-hydroxy DOC) 
XII Allopregnan-3~,11~,21-triol-20-one R 
XIII ~lopregnan-3~,21-diol-11,20-dione N H 
XIV 64Pregnene-20~,21-diol-3,11-dione T XV 8 Pregnene-11~,21-diol-3,20-dione H B 
XVI 4
(corticosterone) 
6 Pregnene-21-ol-3,11,20-trione (11-de- A 
hydrocorticosterone) 
XVII a, ~-Unsaturated ketone·: (constitution 
unkno;m) 
c21o3 Group 
XVIII Allopregnan-3~,17a,20~-triol J 
XIX Allopregnan-3~,17a,20a-triol 0 
XX Allopregnan-J~,l?a,diol-20-one L G 
XXI 64Pregnene-21-ol-J,20-dione {17a-
hydroxyprogesterone 
XXII 64Pregnene-21-ol-3,20-dione (11-
desoxycorticosterone; DOC 
Table I continued 
c 21 02 Group 
XXIII Allopregnan-3~-ol-20-one 
XXIV 64Pregnene-3,20-dione (progesterone) 
c19 Group 
XXV Androstan-3~,11~-diol-17-one 
XXVI 64Androstene-3,11,17-trione (adrenosterone) 
XXVII 64Androstene-3,17-dione (androstendione) 
Cl8 Compound 
XXVIII Estrone 
c27 'Compound 
XXIX Cholesterol 
4 
functions? How are they interrelated? What others are present? 
Correlation of Structure with Bio-Activity: 
5 
Of the crystalline steroids isolated six were eventually reco gnized 
as having typical adrenocortical activity by the tests then available 
(R2). The first of these to be isolated was designated as corticosterone 
and the other active compounds were shown to be derivatives of this 
substance. These are listed in Figure 1. Also shown is a seventh 
substance, aldosterone, ~4-pregnene-11~,21-diol-18-al-3,20-dione, more 
recently isola ted from adrenal extracts, which will be discussed i n later 
secti ons. All of these compounds have the following features in common: 
a) 21 carbon atoms with a pregnane nucleus b) a,~-unsaturated ketone in 
ring A and c) an a-ketal side chain. 
In addition to this adrenocortical activity other hormonal activities 
wer e clearly shown to be present in adrenal cor tical extract (R2); e. g., 
progestational, andro genic, and estrogenic. Also present 1-1ere some 18 
remaining crystalline steroids containing 21 carbons, designated as 
ins.ctive. 
The Amorphous Fraction: 
Finally, to add to the complexity of t he problem it was established 
that in addition to these crystalline products, ACE (adrenal cortical 
extract) contained an "amorphous fraction" consisting of non-crystalline 
material of pronounced biological activity, containing the bulk of the 
activity present in crude extract for the maintenance of adrenalectomized 
animals (R2, Kl, Wl). 
Aldosterone : 
With the development of more r efined assay procedures f or evaluating 
0 
~4-Pregnene-21-ol-20-one 
(DOC) 
4 ~ -Pregnene-11~,21-diol-3,20-dione 
(Corticosterone; compound B) 
4 ~ - Pregnene-21-ol-3,11,20-trione 
0 
~4~Pregnene-17a,21-diol-3,20-dione 
{Compound S) 
~4-Pregnene-ll~,l7a,21-triol-3,20-
dione (Cortisol; hydrocortisone; 
compound F) 
~4-Pregnene-17a,21-diol-3,11,20-
trione (Cortisone; compound E) 
(Aldosterone; electrocortin) 
Figure 1. Structure of Adrenal Cortical Hormones 
& -
adrenocorti cal activity, particularly by Ingle (Il) and Reinecke and 
Kendall (R3) it became evident that there were marked differences 
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between the hormones. Desoxycorticosterone and the amorphous ACE while 
extremely active in life maintenance and electrolyte metabolism -vmre 
almost 1vithout effect in support of muscle work or liver glycogen deposi-
tion in adrenalectomized rats (H4); conversely, ~~e C-ll oxygenat ed 
corticosteroids while po ssessing marked activity in the muscle work test 
and glycogen depo sition, had little activity in regulrrtion of electrolyte 
metabolism relative to DOC. 
In 1952 (G2, Cl, Fl, K2, S5, S6, 11, S7, Tl, rfi) reports began to 
appear in the literature of a substance in beef adrenal extract as well 
as other sources (of mobility on paper chromatography similar to that of 
cortisone) which was considerably more active than DOC in sodium retention 
as says . 
In 1954 (S2, 3, 4) the substance responsible for this increased 
activity Has identified as l\4-pregnene-ll~, 21-diol-3, 20-dione-18-al 
(corti costerone with an additional aldehyde function at C-18). Since 
aldosterone possesses an hydroxyl group at C-11 the initial views regarding 
absence of 11-0H necessary for mineralocorticoid activity "rere shown to be 
incorrect and it is possible that DOC is an intermediate or a side product 
in the synthesis of aldosterone. 
The identification of aldosterone in ACE gives rise to several new 
questions. Among these is whether aldosterone accounts for all of the 
activity in the "amorphous fraction" or whether other hitherto unidentified 
hormones are present. Tait, in a private communication has estimated that 
some 90% of the electrolyte activity is accounted for but a final solution 
may be achieved by a still more detailed study of the remaining 
"amorphous fraction" as such or through metabolic studies designed 
toward increasing the concentration of such compounds. 
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CHAPTER II 
Steroid Biogenesis 
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Introduction: 
After the demonstration of the steroidal nature of the adrenalcortical 
secretion (R2) by the isolation and identification of 28 steroids from the 
extract of approximately 1 1/2 million cow adrenals (822) several other 
approaches were made to study further the adrenal secretion. It was 
clear that a direct study of the adrenal extract using the fractionation 
methods available was insufficient to give a complete picture of the 
hormones involved. 
From among the approaches to the question of biogenesis of steroid 
hormones the greater part of our information comes from in vivo experiments 
(D2). The general technique has been administration of large doses of 
steroid hormones or more physiological doses bearing labeled atoms such 
as carbonlL. or deuterium followed by isolation of urinary metabolites. 
Using these methods, such relationships as progesterone to pregnane-3a,20a-
diol (Vl), and testosterone in normal male testes to androsterone (C2) have 
been established. 
Other approaches have been a direct study of adrenal venous blood, a 
study of the isolated adrenal perfused lvith various precursors under 
conditions as close to physiological as ·practicable, a study of 
homogenized adrenal tissue incubated with various precursors and a study 
of the adrenal (in vitro or in vivo) stimulated 1-iith adrenocorticotrophic 
hormone (ACTH ), a hormone secreted by the anterior pituitary gland (B2, 
S8, S9, T2). 
Based on the demonstration by Smith (S8) of pituitary influence on 
the adrenal, and on the subsequent isolation and purification (110) of 
the adrenocorticotrophic hormone (ACTH) suggested by his work, Hechter 
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showed that ACTH stimulated the synthesis and/or release (at least in 
part) of adrenalcortical hormones in the isolated perfused cow adrenal 
(H6). The substance or substances responsible for the increased 
biological activity were not isolated. 
In addition, it was shown by Long (12) and his associat es that the 
adrenal cholesterol is markedl y decreased after stimulation of the adrenal 
wit~ ACTH . This suggested that cholesterol was a precursor of the 
corticoids. The theory was strengthened ~men Bloch (B3) showed that 
cholesterol is presumably converted to progesterone by the recovery of 
deuterium l ab eled pregnane- 3a, 20a-diol (a known metabolite of progesterone 
(Vl )) from the urine of pregnant women after administration of deuterium 
labeled cholesterol . 
Shortly thereafter Bloch (B4 ) also isolated radioactive cholesterol 
from human urine after administration of radioactive acetate. The question 
then arose whether C2 fragments can proceed directl y to the corticoid s 
without first forming cholesterol. The first direct demons t ration that 
both acetate and cholesterol act as corticoid precursor s was achieved in 
the isolated cow adrenal perfused with c l 4_cholesterol and cl4_acetate 
1-1herein both corticosterone and cortisol were identified in the perfusates 
(Zl, H7) . The fact that the corticoids sho~red a higher specific radio -
activity than cholesterol following perfusion of acetate suggested that 
acetate can proceed directly to t h e corticoids by a pathway independent of 
cholesterol (HlO, SlO) . 
Subsequent studies on adrenal incubations -vrl th radioacetate 
corroborated its relationship to cholesterol and the corticoids (H8, 9) , 
and more recently, following the administration of radiocholesterol to 
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an arthritic male, radioactive pregnane-3a,l7a,21-triol-ll,20-dione was 
isolated from the urine. 
Adrenal Perfusions: 
Accompanying some of this work, Vogt (V2) determined the biological 
activity of adrenal blood in dogs and other species and found mate1~al 
active in cold exposure assay (V2) and glycogenesis (V3). More recent 
examination of the adrenal venous blood of various species including 
the cow has resulted in the identification of corticosterone and 
cortisol following stimulation with ACTH (Nl). Vogt 1 s studies on 
adrenal venous blood, the in vivo and in vitro work on cholesterol as 
a precursor to the corticoids, and Hechter' s earlier work on the 
stimulat ion of the adrenal cortical secretion by ACTH in the isolated 
perfused co1-1 adrenal suggested among other things the C-11 oxygenating 
capacity of the adrenal gland. Thus, Hechter (H6), on perfusing 
11-desoxycorticosterone through the cow adrenal obtained a marked 
production of glucocorticoid activity. Steroid metabolism studies 
using an isolated perfused gland were carried out earlier by Danby (D3) 
in 1940 who showed that dog liver and cow kidney could inactivate 
androgens. Further, Danby showed that dehydroepiandrost erone and 
~5-androstene-3~,17~-diol perfused through isolated bull testis showed 
increased androgenic activity. 
Continuing the work on the perfusion of cow adrenals with 
ll-desoxycorticosterone with an expanded team consisting of Levy, 
Jacobsen, Jeanloz and Marshall as chemists and Hechter, Schenker, and 
Pincus as biologists, corticosterone was isolated from the perfusates 
(16, Hll). 
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Choice of Progesterone as a Starting Material: 
Knowing that cholesterol is a major precursor to the corticoids it 
becomes possible to envisage the types of reactions necessary to achieve 
this transformation in adrenal tissue. These include partial cleavage 
of side chain to the 21 carbon pregnane nucleus, introduction of a 
20-carbonyl, formation of an a,~-unsaturated ketone in ring A and 
hydroxylation at C-21, 17(a), and 11(~). 
On perfusing cholestenone-c14, radioactive corticosterone or 
cortisol were not isolated (Hl2) and it was therefore assumed that no 
side chain cleavage occurs after oxidation of ring A. 'Ihis being the 
case pregnenolone might be expected to be a corticoid precursor with 
hydroxylations occuring before or after oxidation of ring A· Perfusion 
of pregnenolone led to the isolation of progesterone after a single cycle 
and, corticosterone and cortisol on nru.ltiple cycling; the latter 2 
fop.. 
presumably arising ~ the most part through progesterone (Hl3). 
Progesterone was therefore postulated as a k~ intermediate to the 
corticoids and as a potentially powerful tool for identifying hormones 
normally present in trace amounts through induced overproduction. 
Perfusion of progesterone led to the isolation and identification of 
many compounds from the mixture obtained but there were undoubtedly many 
others which were not resolved. The compounds identified before this 
research are listed in Table II. In these transformations are seen the 
following reactions: l7a-hydroxylation, 11~-hydroxylation, 21-hydroxylation, 
reduction of a carbonyl at C-3 to a 3~-hydroxyl, and saturation of the 
~4 double bond to the allo configuration at C-5. 
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Table II 
Compounds Isolated After Adrenal Perfusion with Progesterone 
Compound Isolated Reference 
Allopregnane- 3,20-dione 13 
Progesterone 15, 19 
Allopregnane-l7a-ol-3,20-dione 13 
Allopregnane-3~,l7a-diol-20-one 13 
l7a-Hydroxyprogesterone 15, 19 
11~-Hydroxyprogesterone 19 
Corticosterone 15, 19 
l7a-Hydroxycorticosterone 15, 19 
Results of Perfusion of Other Steroids: 
In addition to the perfusion of progesterone through bovine adrenals 
many other steroids were perfused in an attempt to learn more about the 
metabolic pathways in corticosteroid synthesis. The results are 
summarized in Table III. The reactions demonstrated include: l7a-
hydroxylation, 11~-hydroxylation, 21-hydroxylation, reduction of a 3 
carbonyl to a 3~ or 3a-hydroxylJ saturation of a ~l._~ double bond to the 5 
allo confi gurati on, reduction of a 20 carbonyl to a 20~-hydroxyl, oxidation 
of ~5-3~-ol to a 64-3-ketone, and cleavage of the cholesterol side chain 
to a pregnane side chain with introduction of a 20 carbonyl. 
Based on some of the data in Table III which was then available 
Levy, Hechter, et al. (Hl3) postulated a reaction sequence in corticoid 
synthesis. This scheme is presented in Figure 2. Although lip-hydroxy-
progesterone is formed to a limited extent (13, Hl3) its role in the 
biosynthesis of corticosterone and l7a-hydroxycorticosterone appears to 
be minor since, as was later shovm (19, Jl), from its perfusion these 
products were not isolated. Since ll-desoxycorticosterone led to 
corticosterone and not to l?a-hydroxycorticosterone, l7a-hydroxy-
ll-desoxycorticosterone led to 17a-hydroxycorticosterone, and 11~-hydroxy­
progesterone appeared not to lead to further hydroxylation to any 
appreciable extent the order of hydroxylation Nas postulated as 17, 2l 
and then ll in a modified scheme based only on isolated products and 
apparently necessary intermediates (19). Although l7a-hydroxy-ll-
desoxycorticosterone was postulated to be on the pathway between 
l?a-hydroxyprogesterone and cortisol it had never been isolated from 
adrenal perfusates. Similarly, ll-desoxycorticosterone has never been 
I 
I 
I 
Table III 
Compounds Isolated FolloHing the Perfusion of Various 
Steroids through the Isolated Bovine Gland 
Compounds Perfused Compounds Isolated from the Perfusate 
17a-Hydroxycorticosterone 17a-Hydroxycorticosterone 
17a-Hydroxyprogesterone 17a-Hydroxyprogesterone; allopregnane-
17a-ol-3,20-dihne; a11opregnane-3~,17a-
diol-20-one; ~ -pregnene-17a,20~-dio1-
3-one; 17a-hydroxycorticosterone 
11~-Hydroxyprogesterone 11~-Hydroxyprogesterone 
~.5-Pregnene-3~-ol-20-one 17a-Hydroxycorticosterone; corticosterone 
progesterone; ~.5-pregnene-3~-ol-20-one 
Corticosterone Corticosterone 
11-De SOX"JC orti cost ero ne Corticosterone; a11opregnane-21-o1-3, 
2~-dione; 11-desoxycorticosterone; 
~ -etiocholenic acid 
Cortisone Al1opregnane-3~,17a,21-trio1-11,20-
dione; a1lopregnane-17a,21-dio1-3,11, 
20-trione; cortisone 
11-Desoxycortisone 17a-Hydroxycorticosterone; 11-desoxy-
cortisone 
Cholesterol Corticost erone; l7a-hydroxycortico-
sterone; cholesterol 
References I 
H23 I 
' 
1.5, 13, Hl3 
I 
I 
I 
I 
Jl, 19 I 
1.5, 13, Hl3 
H22: 
Hll, 16, 13 
M2, Ml3 
16, Hl3, H24 
HlO 
I-' 
\Jl. 
Table III cont inued 
Compounds Perfused Compounds Isolated from the Perfusate References 
21-Desoxycortisone Cortisone; allopregnane-l7a,2l-diol-3, M9 
I 11,20-trione; 21-desoxycortisone 
Allopregnane-2l-o1-3,20- Allopregnane-11~,2l-dio1-3,20-dione; 1'113 
diane al1opre gnane-3~,2l-dio1-20-one; allo-
pregnane-2l-o1-3,20-dione 
64-Pregnene-17a,20,21- 64-Pregnene-l7a,20,21-trio1-3-one 13, H13 
triol-3-one 
64-Androstene-3,17-dione 64-Androstene-11~-o1-3,17-dionei J3 
androstane-ll~-ol-3,17-dione; 6 -
androstene-3,17-dione 
65-Androstene-3~-ol-17-one 6~-Androstene-11~-o1-3,17-dione; Nll 
6 -Androstene-3p-o1-l7-one 
Androstane-3p-o1-17-one Androstane-3p,llp-diol-17-one; 1{1.2, M2 
androstane-11p-o1-3, 17-dione; 
androstane-3,17-dione; androstane-3P-
ol-17-one 
Androstane-3a-o1-l7-one Androstane-3a,1lp-diol-17-one; H13 
androstane-3a-ol-l7-one 
Pregnane-3,20-dione Pregnane-3a-ol-20-one; pregnane-3a,20p- R9 
diol 
~ 
* 
' , 
' T 
Figure 2. Proposed Scheme of Corticosteroid Biosynthesis 
oH 
0 
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I 
'V 
* The broken arrows with crosses represent postulated reactions which have since been shown not to preeeed. 
isolated althou gh postulated as an intermediate to corticosterone. 
Incubations with Cell Free Extracts or Adrenal Tissue: 
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The data on steroid transformations accomplished in adrenal perfusions 
are very well substantiated with adrenal homogenates, slices, and cell 
free extracts. These methods are attempts at isolating a particular 
enzyme system. Some of the transformations achieved are sho•m in Table 
rv. It will he noted that pregnenolone, long postulated as an 
intermediate in corticoid biosynthesis has recently been isolated after 
incubation of radiocholesterol (S 20). 
Related Transformations in Other Glands: 
In addition to transformations shown in the adrenal some transfor-
mations demonstrated in other glands by either perfusion or incubation 
which bear relation to the problem are listed in Table V. The reactions 
demonstrated include: oxidation of 65-3~-ol to 64-3-ketone, reduction of 
20-ketone to 20a alcohol, oxidation of 20a alcohol to 20-ketone, reduction 
of 20-ketone to 20~ alcohol, reduction of 11-ketone to 11~-hydroxyl, 
reduction of the 64-3-ketone to the 3~ alcohol-5-allo configuration, 
l6a-hydroxylation, and oxidation of an a-ketol side chain to an acid 
with loss of one carbon. 
Table IV 
Some Steroid Transformations Achieved in Adrenal Homogenates 
Compound Incubated Products Isolated References 
65-Pregnene-3~-ol-20-one Progesterone P4, Sl7 
Progesterone Corticosterone, 17a-hydroxy- P3, P4, H31 
corticosterone, 11-desoxycortico-
sterone, 17a-hydroxy-ll-desoxy-
corticosterone 
l 
17a-Hydroxyprogesterone 17a-Hydroxycorticosterone, 17o;- P3, P4, H31 1 hydroxy-11-desoxycorticosterone 
11-Desoxycorticosterone Corticosterone, 6~-hydroxy-ll- H30, H29, I desoxycorticosterone, 17a-hydroxy- K4, H32 I 
corticosterone 
17a-Hydroxy-ll-desoxycorticosterone 17a-Hydroxycorticosterone M15, H32 
65-Androstene-3~-ol-17-one 6h-Anctrostene-3,17-dione Sl7 
64-Androstene-3,17-dione 11~-Hydroxy-64-androstene-3,17- H32 
dione 
Allopregnane-21-ol-3,20-dione Allopregnane-11~,21-diol-3,20- H32 
dione 
Table V 
Related Steroid Transformations in Other Glands by Either Incubation or Perfusion 
I l I Source of Enzyme Substrate Products Reference 
I 
Testes, Ovary, ' t5-Pregnene-3~-ol-20-one Progesterone I Sl8, H25 
Placenta, Corpus Luteum 
I 
Corpus Luteum I Progesterone 
1 t~4-Pregnene-20a-ol-3-one H26 
I 11-Desoxycortico sterone I 6~-Hydroxy-11-desoxycortico sterone H33 
Liver Pregnane-3a,20a-diol Pregnane-3a-ol-20-one G7 
t~5-Androstene-3~-ol-
17-one 
t~5-Androstene-3~,16a,l7~-triol Sl9 
11-Desoxycorticosterone t~4-Etiocholenic acid-3-one P5 
Allopregnane-3~,21-diol-20-one S21 
Allopregnane-3a,21-diol-20-one 
Cortisone Allopregnane-3a,l7a,21-triol-ll, ClO, Cll 
20-dione, allopregnane-3~,17a, 
21-trio1-11,20-dione, allopregnane-
3a,ll~,17a,21-tetrol-20-one, 
allopregnane-3~,11~,17a,21-tetro1-
20-one, t~4-pregnene-ll~,17a,21-
triol-3,11-dione, t~4-pregnene-17a, 
20~,21-trio1-3,11-dione, 64-
androstene-3,11,17-trione, 
allopregnane-3~,17a,20~,21-tetro1-
11-one, t~4-pregnene-11~,17a,20~, 
21-tetrol-3-one and androstan-3a-
ol-11, 17 -di one 
CHAPI'ER III 
Plan of the Research 
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The purpose of this research was to perfuse bovine adrenals w~th 
bovine blood containing added proge sterone in order to isolate 
a) adrenal cortical hormones or other biologically active compounds 
b) possible intermediates to these compounds c) possible other 
intermediates postulated on the scheme to the known adrenal cortical 
hormones and d) other trace components present. 
For this purpose two series of perfusions were performed. The 
first consisted of 600 bovine adrenals perfused with 90 grams of 
progesterone in 600 liters of 5~fo bovine blood and the second consisted 
of 73 adrenals perfused with 5.1 grams of progesterone- 4-cll (l.t~7 
millicuries/mmole) in 73 liters of citrated bovine blood. The seco nd 
perfusion was performed in order to obtain additional evidence that the 
substances isolated were formed from pro gesterone, to have an additional 
guide in locating metabolites of progesterone, and in order to prepare 
radioactive metabolite s for future studies. 
Follo>ving the perfusion s, the problems which remained -vmre to extract 
the steroids from the perfusates, to separate the resultant mixtures into 
their various components, and finally, to identify these components. 
To extract the steroids from the large scale non-radioactive 
progesterone perfusate a procedure based on the preferential adsorption 
of steroids onto charcoal was employed. Preliminary recovery studies 
.performed before this research project, on various typical corticosteroids 
using radioactivity, crystallization, and quantitative color tests had 
indicated this method to be sufficiently quantitative to adopt this 
procedure. Subsequent studies however in other laboratorie s showed 
several disadvcmtages to this procedure and for the progesterone-4-cl4 
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perfusates a solvent extraction procedure was used. These procedures 
as well as control experiments and a detailed historical review will be 
presented in the Chapter, Recovery of Steroids from Blood. 
For the separation of the resultant extracts into various components 
the procedures employed were adsorption chromatography on silica gel and 
partition chromatography on paper and on celite. Other methods vmich were 
not tried include countercurrent distribution, gradient elution adsorption 
IS 
chromatography, and thermal diffusion. Chromatography •ell he discussed 
in greater detail in the Chapter, General Methods. 
Having resolved a mixture into various regions the next problem 
was how to follow the location of desired components. The methods 
chosen for this purpose included bioassays~ and color tests. For the 
radioactive extracts an additional guide was obviously available. 
Since the "amorphous fraction" of the adrenal extract was extremely 
active in electrolyte regulation and electrolyte assay could be performed 
\S 
on very small amounts this method was used. It ittll 1 re discussed in 
greater detail in the Chapter, Methods. Dorfman (Dll) has recently 
published a revieH of various bioassays "rhich have been used to determine 
adrenal cortical activity. 
The color tests used as well as the functional groups detected ~ A~E 
also ~discussed under Methods. Other tests employed less frequently 
will be described in the experimental section. 
From this point on the problem remained to isolate pure components 
and finally to identify them. To decide when a component was ttpurerr 
crystallization to constant melting point was used. In many cases, 
infrared spectra and paper chromatography v1ere also used. 
The last remaining problem is now the identification. Unlike 
23 
~nthetic problems where relatively large amounts of mat erial are generally 
available the identification of components from these perfusates had to be 
made on a microscale. The classical methods of organic chemistry such as 
degradations and microanalyses for the elements had to be used very 
judiciously. In many cases a microanalysis would have used the entire 
sample. 
To overcome the difficul~ of having only trace amounts of substances 
to identify, various procedures were used. These included micro color 
tests (frequently determined spectrophotometrically), ultraviolet and 
infrared absorption spectrophotometry and microreactions. 
Another proper~ found to be very useful in identifying substances 
was t heir relative mobilities in various chromatographic systems. If a 
substance was eluted from a column chromatogram only sli~tly after 
progesterone, or if it migrated only slightly slower than progesterone 
on paper chromatography, and the infrared spectrum indicated carbonyl, 
conjugated carbonyl, and hydroxyl, as a first approximation the structure 
was assumed to be a monohydroxylated progesterone. Similarly, if a 
substance was eluted near the cortisol region, a c21o5 structure was 
assumed as a working hypothesis. 
There are, however, several disadvantages to this method in that 
there is overlapping if one trieS to group the mobilities of substances 
according to the number of oxygen atoms on a fixed nucleus such as 
progesterone. For example, 6a-hydroxyprogesterane migrates on paper only 
very Slightly slower than corticosterone in the toluene-propylene glycol 
~stem. 
Other useful empirical rules are that a substance possessing a 
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carbonyl group at a particular position migrates more rapidly than one 
with an hydroxyl group at that position and that double bonds Jecrease 
mobility. Substances migrating slowly during chromatography, by virtue 
of oxygen atoms, or other groups which decrease rate of movement have 
been called polar substances. Conversely, rapidly moving substances 
have been called non-polar. Thus, color tests, spectrophotometry and 
relative migration rates on chromatography systems, combined with 
analogy, tacit assumptions that components were steroidal, and intuition 
were most valuable tools throughout this research. 
Although supporting data were used, in all cases where identifications 
were made the infrared spectrum of either the isolated sample or a 
degradation product obtained through an unambiguous reaction sequence was 
compared with that of an authentic sample. 
CHAPI'ER IV 
General Methods 
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Perfusion 
The perfusion technique used in these experiments has been described 
earlier in detail by Hechter et al. (Hl4, 15). For the sake of complete-
ness however an outline of the procedure including several minor 
modifications has been included in the appendix. 
Extraction of Steroids from Perfusates 
The methods used for the extraction of steroids from the perfusates 
have been described in the experimental section With the individual 
perfusions. 
Chromatography (Z6, S23, Cl2) 
For the early work on the fractionation of adrenal extracts the 
most effective method available was chromatography of the acetates on 
alumina (R4, Sl2). The use of acetates arose from the instability of the 
free compounds in many cases to both acid and alkali (R2, P348 ). All 
a - ketols are sensi tive to alkali, while all substances with a hydroxyl at 
c11 or c17 are sensitive to acids (R2, P348. Since the compounds 1-1hich 
did not acetylate at C-21 and still retained an a - ketal structure at c17_ 
c20 -vmre still sensitive to the alumina (V4, Sll) the procedure left much 
to be desired. Furthermore, diacetates are difficult to hydrolyze without 
destroying some of the material (R2, P349) . 
Silica Gel Chromatography-Adsorption: 
The use of silica gel f or separating free and labile corticosteroids 
was first reported qy Levy, et al. in a preliminary communication (L5) 
and l ater described in greater detail (L6). In essence the method involves 
dissolving the mixture to be chromatographed in a suitable solvent such as 
benzene and allowing it to become adsorbed onto the top of a column of 
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silica gel prepared by gravity settling of a slurry. when all of the 
material has become adsorbed fresh solvent is added tn order to displace 
components according to their relative desorbabili ties. Solvents of 
increasing polarity are added when solute no longer appears in the eluates 
with a particular solv ent. The silica gel used (Davison, Grade 923, me sh 
size 100-200) was purified by leaching with methanol and then activated 
by drying at 120-1)0° overnight. 
The dimensions of the columns used are given with the individual 
chromatograms (WlO). The larger number refers to the height of silica 
gel and the smaller number to the diameter. The raLg ~ flow has 
generally been allmved to proceed under the pressure of gravity ( Ml7) 
but >vas slolled occasionally to permit adequate handling of the f ractions. 
Fraction s vmre collected manually unless stated othervdse. 
Paper Partition Chromatography: 
Another method used to achieve separations of adrenocortical steroids 
is paper chromatography. Based on the earlier methods of Consdon, Gordon, 
and Hartin (CS) vJho used paper chromatography to separate amino acids, 
Zaffaroni, Burton, and Keutmann ( Z2, B6 ) developed solvent systems 
capable of separating very closely related steroids, such a s epimers. A 
serious disadvantage to the method however is limitation in capaci t y . In 
the present dissertation the original procedure (B6) has been f ollo<-<ed 
with minor modification. Filter paper (TtJhatman No. l) is -vmshed vlith 
2)% MeOH for several days in a large Soxhlet apparatus, air dried and 
stored until used. To run the chromatogram propylene glycol is diluted 
with an equal volume of methanol and the strip dipped into this solution. 
After removal it is then blotted between SP.veral sheets of clean filter 
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paper to remove any excess and the dissolved steroid mixture applied 
along a line previously dra~m near the top of the paper. The applic ation 
is performed with a capillary pipette with intermittent streaming of 
nitrogen onto the applied area to evaporate the sol vent. The strip is 
then placed into a glas s tank with cover which is at constant temperat ure 
(32°) and has previously been e~1ilibrated with mobile phase solvent . 
The strip hangs over the end of a glass plate which in turn rests i n a 
trough containing mobile phase (toluene saturated v1ith propylene glycol) . 
The solvent is then allowed to run down the paper via capillary action 
for a sufficient length of time to permit adequate resolution of th e 
componerrts. To aid in obtaining dependable result s a standard compound 
is generally run on a separate strip of paper. 
For t he detection and location of the steroids the methods used 
·Here : 
a. observing the strips under an ultraviolet lamp (Mineralite) in 
the dark and noting vfuere dark zones appeared due to the a,~-unsaturated 
ketones (Hl8) . What may occur here is that ultraviolet light is absorbed 
by the paper and visible light emitted except in those areas where steroids 
with conjugated carbonyls are present . Several micrograms per cm. 2 can be 
detected with this technique. Although substances other than steroids 
give a positive test the method has been found to be extremely useful in 
these mixtures. 
b. running a thin strip through an alkaline solution of blue 
b i s 
tetrazolium chloride (3, 3' -dianisole ~ 4, 41 (3, 5-diphenyl) tetrazolium 
chloride) and observing a purple color with steroids having an a-ketol 
side chain and 1oThich are readily oxidized by this reagent (B6). Fur:t her 
information on the reaction involved and on the limitations of this 
test are presented in the section on color tests . 
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c. running a thin strip through a solution of 2,4-dinitrophenyl-
hydrazine hydrochloride in sulfuric acid and noting where a phenyl-
hydrazone has formed (yellovl or orange color) due to the presence of a 
ketone function on the steroid molecule (R8, Z2). The exac t sensitivity 
of this test has not been determined but it appears to be less sensitive 
than the UV or BT tests. One disadvantage is that under the mild 
conditions employed adjacent substituents to a carbonyl may prevent the 
r eaction from proceeding. Thus a carbonyl group at C-20 does not react 
if an ac etoxy group is present at C-21. Furthermore, a ketone at C-11 
does not react (Rll), apparently due to stearic hindrance. 
Column Partition Chromatography: 
In order to overcome the capacity limitation of paper chromatography 
and still retain the resolving power several workers have turned to 
column partition chromatography. As origi nated by Martin and Synge ( }~ ) 
for separating mixtures of amino acids, 1-1ater ~ora s added to silica gel 
which served as the stationary phase and chloroform was used as the mobile 
phase . Applying the method to Hyflo-Supercel using hexane-7 0% I1e0R as 
the solvent system, Butt et al. (B7) ·Here able to separate substances of 
mobility similar to progest erone. Similarly, by varying the alcohol 
content of the stationary pha se to 25% EtOH, and the mobile phase to 
toluene, Morris and 1-Jilliams separated adrenocortical hormones (M5). 
The procedure of Butt, et al. (B7) ha.s been followed in the present 
research. In several places minor modifications have been introduced 
;.Jhich will be described in turn. 'Ihe Celite 545 (Johns-Manville) wa s 
l 
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purified by washing with concentrated hydrochloric acid several times on 
a steam bath and then distilled water until the washings 1vere neutral. 
The Celite was dried overnight at 120°. 
Design of a Teflon Flow Regulator for Chromatographic 
Columns (Figure 3) 
During the course of this research it was found that glass stopcocks 
on chromatographic columns had several disadvantages . Among these v.rere 
t hat the r e was leakage of substance through the barrel, and that dif f iculty 
was encount ered in regulating the flow men necessary. The problem of 
leakage was particularly serious when chromatographing radioactive 
substanc es. It must be pointed out that stopcock grease had to be avoided 
because of the danger of conte~nating the mixture s. 
To overcome the problem a tip was designed which consisted of a rod 
of teflon, a material unattacked by the organic solvents used, bored at 
one end to fit tightly over a glass tube at the bottom of the column, 
a thin slit ca. l/4 inch long, and ca. l/4 inch high which could be closed 
or regulated by external pressure, and below this a hole bored from the 
opposite end. The slit was cut using direct pressure with a thin blade 
of metal sharpened at the three cutting edges. 
Infrared Absorption Spectra 
Infrared analyses were done on a Perkin Elmer Model l2C spectro-
photometer. T'ne spectra lvere obtained eith er as films deposited from 
solution onto a sodium chloride plate or in carbon disulfide or 
chloroform solution in a microcell (3 mm. pa~h) using sodium chloride 
optics. By depositing the film in an area approximating the shape of the 
slit opening it is possible to obtain a good spectrum on as little as 
A--
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Figure 3. Teflon Flow Regulator for Chromatographic Columns 
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0.3 mg . Using the rnicrocell, spectra can be obtained with as little as 
0.1 mg. Ros enkrantz (Rl2) has recently published an article on the use 
of inf rared spectra in ster oid structure determination in which all of 
the se as well as oth er techniques are discussed more thoroughly. 
Ultraviolet Absorption Spectra 
Ultraviolet absorption spectra were obtained using a Beckman model 
DU or a CarJ model 11 MS r ecording spectrophotometer. An excellent 
review on ul t raviolet absorption spectra of steroids has been writt en by 
Dorfman (D12). 
Cry stalliz a ti ons 
Crystallizations were done by a sli ght variation of the usual 
technique; solvent volume was reduced on a hot plate at about 80°C. under 
a s t ream of nitrogen so that the solutions being blown down were only 
slight l y warmer than room temperature. For crystallizing small quantities 
dovm t o a milligram or less special conical test tubes were used so th at 
th e soluti ons could be brought to very small volumes. Crystals forming 
along the walls were dissolved and brought to the bottom of the tubes by 
refluxing the solutions gently and using a microspatula to aid in causing 
condensation at particular areas. 
In some instances a fine stream of nitrogen on the outsi de of th e 
tube caused condensation at that pa rticular area inside t he tube and 
thereby brought the material to the bottom of the tube . The solvent most 
frequently used was ethyl acetate; for non-polar substances some neohexane 
was frequently added and for very polar EUbstances methanol or methanol and 
ethyl acetate were used. Occasionally substances could not r eadily be 
dissolved in ethyl acetate directly but crystallized well from this solvent 
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once in solution. In these cases methanol was used to dissolve the 
substance, ethyl acetate added and the resultant solution blmm down. 
By repeating this process several times the methanol was displaced and 
the substance l eft in ethyl acetate solution. 
In mos t instances crystals were washed by adding solvent and decanting 
the liquid. The solvent used for washing were slightly less polar than the 
original medium. Thus, for a crystallization from ethyl acetate one part 
of neohexane in two or three parts of ethyl acetate 1-Tere used. 
In recrystallizations seeds of the crude material were frequently 
used to induce crystallization. 
Color Tests 
Sulfuric Acid Color Test and Ultraviolet Absorption Spectra: 
Based on the finding by 1-.Jinterstei.ner and Pfiffner (114) that certain 
steroids produced charac teristic colors with concentrated sulfuric acid 
the test has routinely been performed on all isolated substances and very 
frequently on crude fractions as a guide. Thus cortisol and cortico-
sterone give a strong green fluorescence and Reichstein's substanceS 
gives a red color even when pre sent in minute amounts (R6). In 1954 the 
green f luorescence reaction was independently quantitated by two different 
groups (SlS, G6 ). Carrying the color tests further Zaffaroni (Z3) 
obtained the entire ultraviolet absorption spectra in sulfuric acid 
(after 2 hours) of various steroids and found many of them to be very 
characteristic of the steroids. In 1954 Bernstein and Lenhard (Bl3) 
correlated some of the absorption maxima 1ri th various structural features 
based on hundreds of spectra which they obtained. {Notable is the 
a, ~-unsaturated ketone moiety with an absorption maximum in the 279-300 mu. 
region, benzenoid steroids excluded.) 
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-"-Determination of Formaldehydogenic Substance (F S)": 
The procedure employed is a modification of the periodic acid 
method of Daughaday, Jaffe, and vlilliams (D6) and depends upon the pink 
color ( Amax.570 rnp•) produced with the liberated formaldehyde and 
chromotropic acid (M8, Bl4). The adrenal cortical steroids which reduce 
periodic acid and liberate formaldehyde possess either an a-ketal or 
a-glycol side chain and the determination of F S is therefore a valuable 
pilot in locating certain corticoids. The modification introduced by 
Hechter (unpublished) involves addition of 2.5 ml. of a charcoal suspension 
in water after removal of the excess periodic acid with stannous chloride. 
The charcoal permits direct determination of formaldehyde (after filtration) 
by adsorbing non-specific color interference and thereby eliminates 
preliminary distillation of the formaldehyde. The charcoal suspension is 
prepared by adding 0.2 gram charcoal (Merck, USP) to 100 ml. water, 
bringing to a boil and cooling. 
Porter-Silber Test: 
This test (P6) has been reported to be specific for 17,21-dihydroxy-
20-ketosteroids and has since been shown to be positive on the corres-
ponding ~16 compounds also. Furthermore, it has since been shown to be 
positive only with the 17a-hydroxy and not t he 17~-hydroxy group. In 
essence the method involves heating the steroid at 60° for 20 minutes 
•nth a solution of phenylhydrazine hydrochloride in sulfuric acid and 
determining the optical density at 410 ~· against a blank treated in the 
same manner. Presumably the method involves a dehydration of the 17a-
-r."'These determinations were performed by I1r. c. A. Fish and associates. 
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hydroxyl to the li16 compound vJith a corresponding shift of the 
phenylhydrazone or osazone absorption maximum at C-20 to greater 
'.Javelengths. It has recently been reported (VJ9) that the lih-3-ketone is 
also necessary for a positive test. · The reason for this is not apparent. 
Determination of Reducing Steroids with Blue Tetrazolium (BT): 
Based on the reduction of tetrazolium salts by a-ketols (K3, R?), 
blue tetrazolium (BT), 3,3 1 -dianisole bis-L.,L~• (3,5-diphenyl) tetrazolium 
chloride (Dajac Laboratories, Leominster, Mass.) has been used to determine 
quantitatively adrenal cortical hormones (M3, C8) . The reaction (Figure h) 
involves the formation of the stable blue ( Amax. 525 mp.) diformazan dye 
II from the ditetrazolium salt I. The procedure employed was that of 
Mader and Buck (M9). For the detection of a-ketols on papergrams a 1% BT 
solution in methanol and aqueous sodium hydroxide solution was used 
according to the method described by Burton, et al. (B6). Although the 
BT method is very useful in many cases a positive test is not characteristic 
of only the a-ketol steroids and must therefore be interpreted cautiously. 
Tetrazolium salts have also been used to determine reducing sugars (:r-J16). 
Bioassays 
The bioassay (M7) used most frequently throughout these experiments 
involved determination of the ability of the substance tested to retain 
sodium ions and secrete potassium ions in adrenalectomized rats~}. The ratio 
of potassium to sodium ions found in the urine (determined with a Perkin-
Elmer model 52C flame photometer) after administration of the substance 
~For these assays we are indebted to Dr. E. Rosemberg and ¥~. M. Cook 
of the Worcester State Hospital Research Laboratories. 
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Figure 4. Reaction of Blue Tetrazolium Chloride 
to be determined along w~th a 0.9 N sodium chloride solution is a measure 
of the electrolyte activity. Thus, a high ratio of potassium to sodium 
ions indicates an electrolyte-active substance; a low ratio indicates 
slight activity. Since at the outset of this project the most active 
sodium retaining corticoid known was 11-deso:x:ycorticosterone (DOC ) it 
was used as the standard. Other activities are expressed relative to 
DOC ivhich is designated as unity. 
Rather than compare the ratios of potassium to sodium directly in 
a given determination a standard dose response curve for DOC 1r1as used 
(amount of DOC added vs. K""'/Na""). From this curve the relative amount of 
substence tested and roc required for a particular ratio of potassium to 
sodium could be compared. DOC was also determined in each assay as a 
check. For routine pilot work the average value from eight animals wa s 
used; for more accurate Hork 16 or more animals Here used. Although 
bioassay s are very useful they must be interpreted cautiously. Some of 
the reasons for this are the enormous variability of individual animals, 
possible synergistic effects of different substances, and possible presence 
of trace amounts of highly active components in apparently pure, other~r.ise 
inactive sample s, Hhich result in an observed activity. 
Determination of Bacterial Levels 
In order to retard bacterial grov~h during the perfusions various 
antibiotics wer e added. In a private communication, Dr. J. ~\1 . Ralls of 
G. D. Searle Co. stated that if the number of bacteria per ml. at the 
end of the perfusion exceeded 2 x 105 the yields of 11~-hydro:x:ylation 
were lowered; if the count exceeded l x 106, the yields were very much 
lowered, and if the count exceeded 6 x 106 the perfusion was useless. 
In the earlier perfusions performed at Worcester penicillin (100,000 
J 
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units/1.) and streptomycin sulfate (500 mg./l.)were added butthe number 
of bacteria were not generally determined. ~en these antibiotics were 
tried at the Searle Co. (using pilot plant apparatus) and the number of 
bacteria determined, excessively high values were obtained. By using 
chloromycetin (50 mg./liter), they found it possible to reduce the 
counts to Within the safe limit. In the large scale perfusions with 
progesterone sent to Worcester chloromycetin was therefore used. The 
number of bacteria was below 0.4 x 106 in all except one of the 12 
perfusions. In that perfusion 22 x 106 bacteria were found. The use of 
chloromycetin, however, was very disadvantageous in that it was extracted 
with the steroids and appeared, in silica gel chromatography, in the 
corticosterone through the Substance S region. Smaller amounts of 
chloromycetin were also found in other regions because of the inability 
of silica gel to give sharp separations. 
During this work the group at Searle found that terramycin was a 
much more efficient antibiotic and that it did not interfere in the 
isolation procedure since it remained in the blood as the hydrochloride, 
not extracted by isopropyl acetate. ~n the progesterone-4-c14 perfusions 
performed at Worcester, terramycin hydrochloride (5 mg./1.) was therefore 
added and the bacterial counts were below 10,000 in all cases where 
determined except one in which the count was ca. 50,000. The number of 
bacteria was determined by C. A. Fish and J. Fitzgeral~ using the serial 
dilution technique (interalia. J4). 
Determination of Radioactivity 
In all of the experiments involving determination of radioactivity 
the following procedure was used. An aliquot of the sample was dissolved 
in an appropriate solvent and slowly applied to an aluminum pan, 3 em. 
diameter by frequently moving the pipette to a new area in an attempt to 
produce as uniform a film as possible. TO facilitate the evaporation of 
solvent the plating was performed on a hot plate at ca. 55°. For the 
actual counting a flow gas counter (Nuclear Corp.) was used in conjunction 
with a scaler (Tracerlab). 
When counting samples of high radioactivity (ca. 5 x 106 counts/minute/mg.), 
aliquots containing less than 10,000 counts/minute were used in order to 
reduce coincidence errors. Tn the exp:lriment on the recovery of steroids 
from blood where the maximum radioactivity was ca. 1000 counts/minute/mg., 
1 and 2 mg. aliquots were used. Tn these cases the.Error due to self-
absorption was undoubtedly larger but it was felt that the error would be 
essentially cancelled since samples containing relatively similar material 
were being compared. No correction was made for self-absorption, scattering, 
coincidence loss, or geometry. Tn general duplicate determinations agreed 
within 10% and in cases ltlere larger errors were found, further determina-
tions were made to reduce the Error. In some cases however, an average 
of 2 or more determinations was taken when the error was considerably 
larger. No attempts were made to determine the absolute accuracy of the 
method. 
}f_iscellaneous: 
All melting points were determined on a hot stage with microscope 
attachment and are uncorrected. Solvents were redistilled unless stated 
otherwise. 
CHAPI'ER V 
Large Scale Progesterone Perfusions 
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Perfusion and Extraction:* 
50 bovine adrenal glands were perfused with 7 l/2 grams of 
progesterone (Glidden, commercial grade) in 25 liters of citrated bovine 
blood diluted 1vi th 25 liters of Tyrode' s solution (see appendix for 
composition of this solution) under the following conditions: 
perfusion rate 5o liters/5.0 hours/50 glands 
statistical cycles 5.5 - 8.5, average 7.2 (based on 
flovr rate and time) 
antibiotic: chloromycetin, 50 mg./liter 
total of 12 perfusions (90 g. progesterone) 
The progesterone was added to the perfusion medium dissolved in 
propylene glycol (30 ml. per gram of progesterone). The individual 
perfusates were stored a maximum of 3 days at 5-10°C. until all 12 1v-ere 
completed. The combined perfusates were then hemolyzed by 2 passes 
through a colloid mill over a three hour period during which time the 
0 
temperature never exceeded 45 c. The steroids were then extracted from 
0 the perfusate by adsorption onto 2.7 kg. of charcoal (Darco G60) at 5 c. 
with stirring for 4 hours and subsequently eluted with 50 gallons of 
acetone at 45-50°C. in a continuous "Soxhlet" extractor containing o. 05 r1 
acetic acid in the still pot (to avoid possible alkalinity) for 64 hours. 
The aqueous acetone solution was concentrated (inside temperature not over 
*This perfusion was performed at the G. D. Searle Co. in Chicago by 
Dr. Robert H. Snyder and his associates. It was carried through the 
extraction stage in pilot plant operations and the neutral extract sent 
to '\'lorcester. 
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40°C.) to a 20 liter aqueous residue which was extracted with 40 liters 
of chloroform in 2 equal portions and the chloroform solution lvashed with 
20 liters each of 5% sodium bicarbonate solution and 5% sodium chloride 
solution. The residue of the chloroform solution was shipped to 
Worcester packed in dry ice. The residue (146.5 grams) was dissolved ~n 
2.5 1. of ethyl acetate and extracted with 3 x 300 ml. water. The 
aqueous phase was back extracted with 3 x 300 ml. methylene chloride and 
the resultant aqueous phase discarded. The residue of the methylene 
chloride phase was stored. The water extracted ethyl acetate layer was 
then extracted With 3 x 400 ml. 0.5 N sodium bicarbonate, 2 x 300 ml. 
saturated sodium chloride solution and 1 x 300 ml. water. The combined 
aqueous phase was extracted with 4 x 400 ml. methylene chloride and the 
latter stored. The aqueous phase was cooled in an ice bath, acidified 
to pH 1 with 3 N hydrochlorid acid and extracted with 4 x 500 ml. 
methylene chloride. The methylene chloride phase was washed with 
1 x 400 ml. water and stored. 
The neutral residue from the ethyl acetate phase (139.8 g.) was 
kept separate from the other neutral fractions. The latter, as well as 
the acidic fraction were not studied further. 
Chromatography of a Portion of the Neutral Extract on Silica Gel 
(Chrom lA): 
Toward separating the neutral fraction into its various components 
and to determine or localize any biological (electrolyte regulating) 
activity present_.~ 24 grams of the extract were chromatographed on 680 grams 
of silica gel (6.3 x 37 em.). The steroids were eluted with benzene, 
various mixtures of benzene in ethyl acetate, pure ethyl acetate, acetone, 
and finally methanol. A total of 79 eluates was collected, each 
containing about 500 ml. 
41 
These 79 eluates were combined into 14 polarity regions based on 
residue weight trends and solvent mixtures used to eluteJand further 
studied from several points of view. These included determination of 
formaldehydogenic substance (FS), electrolyte assay, and paper chroma-
tography of aliquots. 1be determinations of FS were made since all the 
knoun adrenal cortical hormones possess the ~-ketol side chain and it was 
felt that FS could serve as a valuable guide toward localizing hormones. 
FS determinations. were performed on 100 and 200JUg• aliquots of each 
sample and are relative to cortisol which served as the standard. It can 
be seen from Table VT that the bulk of FS is present in the benzene-
ethyl acetate (2-1) and (1-1) fractions and also in the ethyl acetate 
eluates. However, in the 2-1 region there is a much larger amount of 
non-FS contaminant. Considering therefore both concentration and total 
amount of FS the most promising eluates appeared to be the benzene-
ethyl acetate (1-1) and the ethyl acetate eluates. 
The result of electrolyte assay from the benzene-ethyl acetate 
(2-1) through the acetone eluates are summarized in Table VII. The 
assay procedure has been briefly outlined in the description of me~~ods 
section and the activity of a particular fraction relative to 11-desoxy-
corticosterone (DOC) has been obtained from a standard dose response 
curve for DOC by finding the amount of sample required to give the same 
ratio of potassium to sodium in the urine compared with the amount of 
DOC. Although there are indications of traces of activity elsewher~the 
strongest activity appears concentrated in the benzene-ethyl acetate 
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Table VI 
Chrom 1 A, FS Determination 
Solvent* 
I -l 
Eluate Total residue Average % 
Number (mg.) F. S. ~g. F.S. 
39-43 5-l 1356 0 0 
44-47 5-l 513 2.5 12.8 
48-52 3-1 720 9.3 67 .o 
53-58 B-1, 2-1 1116 12.0 134.0 
59-65 P-1, 1-1 4183 7.8 327.0 
66-70 t-1 2149 26.3 565.0 
71-75 EtOAc 1262 40.2 508.0 
76-77 Acetone 290 19.0 55.0 
. I 
* ratios are benzene to ethyl acetate (V•/v.) 
Table VII 
Chrom lA, Electrolyte Assays 
~--
-
- -
Sample lnose lmg./hr./100 g. K+ Activity~- Standard Dose mg./hr./100 g. K+ pg. I Na+ (DOC .,. 1) y g. /Na+ lla+ K+ Na+ K+ 
p 59-65 25 1.95 1.11 0.57 0.15 DOC 12.5 1.29 1.06 0.82 
(2-1, 1-1) 50 1.91 1.01 0.53 o.o6 25 0. 91 1.30 1.43 
50 1.35 o.84 0.62 0.09 12.5 1.1 0.86 0.78 
100 1.35 0.74 0.55 0.03 25 0.17 1.11 1.44 
p 66-70 25 0.66 0.70 1.06 0.47 :ooc 12.5 0.92 0.71 0.77 
(1 ... 1) 50 0.28 o.so 1.80 0.50 25 0.58 0.84 1.45 
1-'- ~ 
-
p 71-75 25 1.26 0.54 0.43 o.o6 roc 12.5 0.92 0.71 0.77 
(EtoAc 50 0.70 o.83 1.19 0.29 25 0.58 o.B4 1.45 
i-
·-~-
p 76-77 25 1.84 0.94 0.51 0.1 DOC 12.5 1.38 1.10 o.8o 
(acetone) 50 2.04 1.07 0.52 0.05 25 0.84 1.39 1.66 
50 0.84 0.76 0.90 0.19 12.5 o.87 0.95 1.09 
100 0.8 0.72 0.90 0.09 25 o.62 1.15 1.85 
Control* 0 1.69 0.63 0.31 
*adrenalectomized rats + 5 ml. 0.9% NaCl injected 
**These figures were obtained from a standard dose response curve for DOC 
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(1-1) and ethyl acetate eluates. 
Furthermore, chromatography of 1 mg. aliquots of fractions from the 
benzene-ethyl acetate (5-l} eluates throu gh the acetone eluates on paper 
in the toluene-propylene glycol system for 24 hours along with a standard 
of cortisone sho"tored zones with ultraviolet absorption of cortisone 
mobility (observed under a u.v. lamp) only in the benzene-ethyl acetate 
(1:1), ethyl acetate, and acetone eluates. This was very significant 
since electrolyte activity in the adrenal cortical extracts had only 
rec~~tly been shown to concentrate in the cortisone region on paper 
chromatography. 
Tt thus appeared that there was electrolyte activity, that this 
activity seemed to concentrate in the more polar regions, that there was 
a possibility of more than one active region and that it was very worth 
While continuing the search toward isolating active components. Before 
proceeding with further chromatography several crystallizations were 
attempted on fractions from the first chromatogram. The results of these 
crystallizations are summarized in Table VIII. The only identification 
made was chloromycetin, an antibiotic added before the perfusion in order 
to retard bacterial growth. 
Chromatography of the Benzene-Ethyl Acetate {1-1) through the Acetone 
Eluates .of the First Chromatogram (Chrom 2A): 
The charge for this chromatogram consisted of the following fractions 
from Chrom lA: 
p 66-70 (1~1 2063 mg. 
p 71-75 (ethyl acetate) 1197 
p 7b-77 (acetone) 258 
Tots.l 3518 mg. 
Table VIII 
Solids Isolated from Chrom lA 
-, I 
* Fractions Solvent Total Residue Crystalline solid m.p. Characterization 
(mg.) (mg.) 
~ 
--
48 - 52 3-1 720 Crop 1, 78 mg. 197-213 none 
Crop 2, 75 168-195 
53 - 58 3-1,2-1 1116 none none 
·I-
59-65 2-1,1-1 4183 2419 153-155 r -a r-.; hlorornycetin 
,_ 
*refers to ratio of benzene to ethyl acetate 
**identified by mixed melting point determination and comparison of infrared 
spectrum with that of an au.thentic sample. 
·-
~ 
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The residue was dissolved in benzene-ethyl acetate (3-l) and chromato-
graphed on 240 grams of silica gel (4.5 x 32.5 em.) in the usual manner 
collecting 100 ml. eluates from fractions l-146 (designated P l-146) and 
200-500 ml. eluates from fractions 147-184 (P 147-184). In order to 
facilitate the c~stallizations these 184 eluates were combined into 28 
fractions on the basis of residue weight trends, appearance, and sulfuric 
acid color tests as described in the chapter on methods. Crystallizations 
within these fractions resulted in the identification of 4 substances 
which are listed in Table IX. 
~4-Pregnene-l7~,2l-diol-j,20-dione (Reichstein's Substance S): 
Obtained from benzene-ethyl acetate (3-l) eluates in fractions 35-40 
(P 35-40) from a total weight of 45.6 mg. in yield of 5.9 mg., m. 200-215°. 
Mixed melting point determination with authentic Substance S (m. 198-199 1/2°) 
shelved no depression (m. 199-204°). Recrystallization of this substance 
provided a sample, 2.7 mg., m. 198-210° whose infrared spectrum was 
identical with that of authentic Substance S. 
Chloromycetin: Obtained from P 41-75 (3-1) in crude yield of 596 mg. 
from a total weight of 1881 mg. in 14 crystallizations. The melting point 
range of these solids, 146-153° on 2 recrystallizations of the combined 
solids was raised to 155-155 1/2°. Mixed melting point with authentic 
sample (m. 148-149°) showed no depression (m. 147-148°) and IR spectr~ of 
the two samples were identical. Electrolyte assay on chloromycetin Showed 
no activity. The mother liquors of solids from P 45-75 were combined with 
those from remaining crystallizations for further study. This combination 
was called P 45-146, GML. FS determinations on 100 and 200 ~· aliquots 
showed 32 and 67;ug· respectively FS to be present. 
Table IT 
Solids Isolated from Chrom 2A 
Compound Eluates where Total eluate Amount isolated 0 Characterization m.p. range..~ 
obtained* (weight (mg. crystalline (mg.) (crude) (recryst.) 
-
Compound S IP35-4o (3-1) 45.6 5.9 200-215 198-210 IR, mixed m.p. 
Chlo romycetin P41-75 (3-l) 1881 596 146-153 155-1551;2 IR, mixed m.p. 
- -
Corticosterone f76 (3-1 26.6 2.8 180-185 180 .. 185 IR, mixed m.p. 
·-
[cortisol P86-146 {3-1) 769 295 198-210 i 210-212 IR 
* ratios following eluate numbers are benzene to ethyl acetate (V•/v.) 
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Corticosterone: Obtained from P 76 (3-1) in crude yield of 2.8 mg., 
m.p. 180-182° from a total weight of 26.6 mg. ~fixture with an authentic 
sample melting at 173 1/2-180° gave a melting point range 170-175. This 
is equivalent to no depression since Levy, et al. (L6), have shown that 
the melting point of corticosterone depends among other things on the 
degree of subdivision of the sample. The IR spectrum of a sample from a 
combined recrystallization including the present sample was identical with 
that of authentic corticosterone. 
Cortisol: Obtained from P 86-146 (3-1) in crude yield of 295 mg. 
(m. 198-210°) from a total weight of 769 mg. in 24 individual crystalli-
zations. Some of the higher melting solids were combined with similar 
material from later chromatograms for further recrystalli zations to yield 
a product identical with authentic sample (m. 202-204°) of cortisol by 
comparison of IR spectra. 
Electrolyte Assays on Chrom 2A 
After having removed the readily crystallizable substances from the 
eluates of Chrom 2A the problem remained to locate biologically active 
regions. Paper chromatography of aliquots of the more polar of the 28 
original fractions of this chromatogram in the toluene-propylene glycol 
system along with a standard of cortisone showed material of cortisone 
mobility (u.v. absorbing on paper) in some of the benzene-ethyl acetate 
(3-1) eluates and again in the ethyl acetate-methanol eluates. To give 
more substantial information however, electrolyte assays were done. For 
these assays the mother liquors of all the crystallizations from after 
Reichstein's SubstanceS to after cortisol were combined. The eluates 
after cortisol in Which no crystallization occurred (designated 
l 
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p 45-146, GML) were assayed in combinations based on the eluting solvent. 
The results of the assays are summarized in Table X. Again, although 
there appear to be several active regions the most active is the benzene-
ethyl acetate (2-1), immediately after the cortisol region. Thus, the 
activity initially found in the polar regions of the extra~t has been 
partially localized to immediately after the cortisol region. This 
fraction was not studied further at this point. 
Although P 45-146, m1L contained relatively little biological activity 
it included the region where electrocortin had been reported to be con-
centrated in adrenal cortical extracts. Furthermore, the fraction contained 
a large amount of material (1.66 g.) and it was felt that the biological 
activity might have been masked. It was, therefore, studied in greater 
detail. 106 mg. were chromatographed in the toluene-propylene glycol 
system for 24 hours on two 13 em. strips and each divided into 12 zones 
on the basis of the usual color tests (u.v., B.T., and DNPH). Since the 
u.v. absorbing zones gave the clearest picture of the location of material 
on the papers by virtue of the fact that the entire width of the strip 
was mapped compared with a thin strip, the zones were cut following the 
u.v. contours. Only those zones which >..rere u.v. absorbing were further 
studied since all the known adrenal cortical hormones have that f'eature 
in common. On this basis four zones were studied. The first of these, 
Zone 2/(strongly u.v. absorbing) which was immediately below the starting 
line, on silica gel chromatography follm..red by crystallization resulted 
in the isolation of 22 mg. of chloromycetin; identified by mixed melting 
point with authentic sample. This result dramatically demonstrated the 
large variability of substances to different types of chromatographies. 
Table X 
Chrom 2A, Electrolyte Assays 
Sample Dose mg./hr./100 g. Kj Activity Standard 
ug. I Nat (DOC = 1) ' Na+ I K+ 
-
I o.s4 P4.5-146 GML 25 1..5 0.81 0.13 DOC 
(3-1), 166 g. so 1.2 0.87 1 o. 73 0.13 
i 
P147-159 12.5 1.08 0.83 0.77 o.57 DOC 
(2-1) 25 0.41 0.83 2.03 1.10 
126 mg. 
Pl60-170 12 • .5 0.89 0.67 0.75 0.54 DOC 
(1-1) 2.5 0.,,58 0.69 1.19 0.57 
143 mg. 
I~ 
Pl71-177 12.5 1.07 0.79 0.74 0 • .52 DOC 
(EtoAc) 25 1.01 0.17 o. 76 0.28 
_ 109 mg. 
1-
P178-181 12.5 1.34 0.58 0.43 0.12 DOC 
(Acetone) 25 1.41 0.71 o.so 0.10 
101 mg. 
Pl82-184 12.5 o. 76 o.68 0.90 0.74 DOC 
(MeOH) 25 0.68 0.76 1.12 0.52 
106 mg. 
Dose 
ug. 
12.5 
25 
12.5 
25 
l 
12 • .5 
25 
12.5 
25 
12.5 
25 
12.5 
25 
mg./hr./100 g. 
Na+ I K+ 
0.90 0.77 
0.62 I 0.95 
0.82 
' 
0.81 
0.54 I 0.89 I 
' 
0.64 0.77 
0.43 0.99 
0.59 0.87 
0.46 0.98 
0.63 0.70 
0.41 0.68 
0.62 0.93 
0.38 0.92 
j 
K+ 
/Na+ 
0.86 
1 • .53 
--
0.99 
1.65 
1.20 
2.30 
1.48 
2.13 
1.11 
1.66 
1.50 
2.42 
V\ 
0 
.51 
1~ereas chloro!Tilfcetin is approximately as mobile as corticosterone and 
Substance S on silica gel..J it is of the order of 2.5 times as polar on 
paper chromatography using the toluene-propylene glycol system. 
Tne other zones examined further included zones 6-8 (cortisone 
through cortisol), Zone 10, and Zone 12. From Zone 12, (of cortico-
sterone mobility) (33.5 mg.) was crystallized 16.1 mg., m.p. 173-175° 
which on mixture with corticosterone (m. 173 1/2 - 180) melted 171-179°, 
and gave therefore no depression. Zone 6-8, 10, and 12. were submitted 
for electrolyte assay and the results are summarized in Table XI. The 
results are very variable and not much conclusion could be drawn from them 
other than the possible presence of a small amount of activity in Zone 10 
and the overflow. Zone 10 was not examined further due to its very low 
weight but the overflow was chromatographed on paper once again for a 
shorter period of time; 11 hours compared with 24 hours. The four u.v. 
positive zones from this chromatogram were eluted and bioassayed and 
the results in all cases showed no activity. 
The attempts to localize electrolyte activity in the compound S 
through cortisol regions indicated only small amounts if any to be 
present which could not be further characterized. Rather than do further 
assays at this point it was decided to ~~romatograph the bulk of the 
neutral material to increase the chances of identifying trace amounts of 
mineralocorticoid substances already clearly indicated in earlier results. 
Fractionation of the Bulk of the Neutral Fraction (Chrom lB) 
Toward this end the remaining 115 grams of neutral extract were 
chromatographed on 1150 grams of silica gel (6.3 x 59 em.) in the usual 
manner. One liter eluates were collected for 248 fractions. The first 
7 - -::: - - . . · ~ · ... . . =- ";'::: - ; 
Table XI 
P4S-lh6, GML, Electrolyte Assays on Papergram Regions 
Sample Dose mg. /hr. /100 g. K+ Activity Standard Dose mg./hr./100 g. K+ 
pg. INa+ (DOC • 1) ,g. /Na+ 
Ifa+ K"" Na+ K"' 
Cut 6-8 12.5 2.03 0.85 0.42 0.10 DOC 12.5 1.01 0.76 0.75 
5.1 mg. 25 1.28 0.88 0.69 0.23 25 0.50 1.03 2.06 
Cut 10 12.5 0.94 0.66 0.70 0.46 DOC 12.5 o. 72 o. 75 1.04 
S.l mg. 25 0.43 o. 71 1.65 0.88 25 0.42 0.81 1.93 
-
.. 
Cut 12 12.5 1.30 o. 70 0.54 o.2u DOG 12.5 o.s2 0.81 0.99 
33.5 mg. 2~ 0.59 0.59 1.00 0.44 25 0.43 0.91 2.12 
Overflow 12.5 0.67 0.65 0.97 0.80 DOG 12.5 0.68 0.58 0.85 
17.6 mg. 25 1.05 0.81 o.n 0.28 25 0.25 0.76 3.04 
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9 fractions were not examined since experience had shown compounds less 
polar than progesterone to be present there. Starting with PlO some 
250 crystallizations were performed toward identifying the components 
"' present in the various fractions. Table XII briefly summarizes the 
identifications made. The fractions in which the substances were 
identified are listed in the table. A detailed description of the 
crystallizations presented in order of increasing fraction numbers 
follows. In parenthesis after each group of fractions are the ratios 
of benzene to ethyl acetate used to elute the fractions. 
Progesterone 
Pl0-11: (25-1) These fractions yielded 6 crops of crystals totaling 
more than 4 grams which on the basis of crystal form and melting point 
appeared to be progesterone. 'lhese solids were not further examined. 
Pl2-2l: (25-1) From a total of some 20 grams (not completely solvent 
free) were obtained 14.4 grams of a solid which was recrystallized to 
yield 10.9 grams, m. 133-135° which was identified as prOgesterone by IR 
spectra comparison. A second crop contained a small amount of solid, 
m. 157-170° which was not studied further. Similarly, crops 3-5 were 
not studied further on the basis of mixed crystal fonns in the same crop 
and inconsistent melting point changes on recrystallization. 
P22-28: (25-1) These fractions were crystallized individually and 
many difficulties were encountered. These can be illustrated by 
describing the results obtained with P24. From a total of 1009 mg. 
0 
were obtained crop 1, 709 mg., m. 146-156 , crop 2, 120 mg., 
0 0 
m. 138-147 , and crop 3, 7.3 mg., m. 118-126 • One recrystallizati on of 
crop 1 yielded 460 mg., m. 163-172°; a second recrystallization yielded 
Table XII 
Compounds Identified from Chrom 18 
Eluates Where Total Eluate 1 Amount Isolated 0 Principal m.p. range, c. 
Compound Obtained Weight Crystalline Crude Recryst. I Characterization** 
Progesterone Pl0-40 (25-1) ca. 40 g. ca. 20 g. ca. 100-120 133-135 I m.p., m.m.p"' IR I 
l?a-Hydroxyallopregnane-3,20- P29 (25-1) 1.32 g. 2.0 mg. 261-264 m.p., IR 
dione ~ 
Allopregnane-3~-ol-20-one P30 (25-1) 934 mg. I 2.9* mg. 166-169 196-199 m.p., IR 
17a-Hydroxyprogesterone P56-73 (10-1, 4.7 g. 1158 mg. 205-215, 206-222 m.p., m.m.p., IR 
5-l) 155-180 sulfuric color tes· 
64-Pregnene-20~-ol-3-one P56-68 (10-1, 237S mg. 288 mg. 164-182 180-182 m.p., IR, oxidatioi 
5-l) to progesterone 
Allopregnane-3~,17a-diol-20-one P72-80 (5-l) 2318 mg. 63 mg. 173-232 250-257 m.p., IR 
11~-Hydroxyprogesterone P77-83 (5-l) 1350 mg. 412 mg. 182-187 183-188 m.p., IR, 
sulfuric color tes' 
CompoundS P86-104 (5-l) '12. 755 g. 139 mg. 190-214 207-212 m.p., IR, 
-
sl.l,lfuric color tesi 
Chloromycetin P88-1.52 (5-l) 26.39 g. 13.93 g. 136-155 155-155 J/2 m.p., IR 
Corticosterone Pl05-152 (5-1) 12.98 g. 720 mg. 176-185 180-185 I m.p., IR 
Pff4-194 (5-l), I. j m.p., 
" Cortisol 4808 mg. 1603 mg. 195-214 210-212 IR 
-2) I 
*isolated from an aliquot and therefore present in quantity of at l east 18 mg. and very probably in much larger amounts. 
**m.m.p. refers to mixed melting point determination with authent ic sample. 
T ASL X \\ 
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0 0 195 mg., m. 113-117 , a decrease of some 50 • Similarly, crop 2, on 
recrystallizati on yiel ded 65 mg., m. 127-128°, also a large depression. 
These solids have not as yet been studied further. 
Allopregnane-17a-ol-31 20-dione 
P29: (25-1) From a total of 1.32 grams were obtained crop 1, 193 mg., 
and crop 2, 444 mg. Recrystallization of crop 1, m. 160-165° yielded 
103 mg., m. 172-175°. Four more recrystallizations with large wei ght 
decreases and melting point increases in each resulted in 2.0 mg., 
m. 261-264° which was identified as allopregnane-17~-ol-3,20-dione 
0 (m. 257-259 ) by IR spectra comparison. 
Allopregnane-3~-ol-20-one 
P30: (25-1) From this fracti on were obtained crop 1, 358 mg., 
m. 166-170°, and crop 2, 193 mg., m. 130-160°. Recrystallization of 
crop 1 y ielded 65 mg., m. 165-173°. IR analysis of this sUbstance showed 
hydroxyl (2.86)1), carbonyl (5.88 )U), and conjugated carbonyl (6.02, 6.16~). 
Another recrystallization yielded 33 mg., m. 169-179° from which a sample 
(5.1 mg.) was removed for acetylation (0.12 ml. pyr~dine, 0.05 ml. acetic 
anhydride, 20 hr. at room temperature) to see if the hydroxyl absorption 
would disappear in the IR spectrum. C~Jstallization of the acetylation 
0 product resulted in some poorly formed solid, m. ca. 120-140 • The IR 
spectrum indicated no free hydroxyl. Saponification of this substance, 
total 4 mg. with potassium bicarbonate (20 mg.) and a few drops of 
methanol with a few drops of water for ca. 3 hours at reflux resulted in 
3 mg. of yellow needles which were twice recrystallized to yield 0.7 mg., 
m. 196-199°. The IR spectrum of this substance was found to be identical 
with that of authentic allopregnane-3~-ol-20-one, m. 202-203°. At this 
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point comparison of the IR spectrum of the acetylati on product with that 
of authentic acetate (m. 142-144°) showed them to be identical. 
P31-33: (2.5-1) No identificati ons were made in these fractions. 
P34-40: (2.5-1, 1.5-1) These fractions yielded two crystalline crops. 
Recrystallizati ons of the first crop resulted in continuous rise in 
melting point and were not continued. From the second crop however, 
(262 mg.) on recrystallizati on were obtai ned 105 mg., m. 121-124° which 
when mixed with a sample of progesterone showed no depression in melting 
point and which was then identified as progesterone by IR spectra 
comparison. Since there is still a large amount of progesterone in frac-
tions 34-40 it is very probable that fracti ons 22-33 also contain 
progesterone. 
P41-.5.5: (15-1, 10-1) These fractions gave mixtures or only traces of 
crystals and were not studied further. 
17n-Hydroxyprogest erone 
64-Pregnene-20j3-ol-3-one 
PS6-6.5: (10-~) From these fractions, total 1.520 mg. were obtained 
crop 1, 466 mg. and crop 2, 176 mg. · Crop 1 on recrystallization yielded 
several crops which were individually recrystallized and found w give 
solids all falling within the melting point range of 200-222° and all 
giving a characteristic color reaction with concentrated sulfuric acid 
(yellow green ~ purple ~burgundy red). 'Ihis color is characteristic 
of 17d-hydroxyprogesterone. Further evidence that these solids are 
actually 17a-hydroxyprogesterone is obtained in the next group of fractions 
in which similar material was obtained which was more definitively charac-
terized by IR spectra comparison. 
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In the six crops obtained in the recrystallization of crop 1, P56-65 
.,) 
the last was found to be different from the earlier ones. Recrystallization 
of this solid produced a substance m. 175-182° which gave a green fluo-
rescence with sulfuric acid. Mixed melting of this substance with other 
similar material from later fractions ·showed no depressi on. It was later 
i dentified as 64-pregnene~20~-ol-)-one and will be discussed further in 
the next group of fractions. The second crop of PS6-65 yielded more of 
this same substance. 
17a-Hydroxyprogesterone 
64-Pregnene-20@-ol-3-one 
R66-68: (10-1, 5-l) From these fractions were obtained crop 1, 117 mg., 
m. 205-215°, crop 2, 52 mg., m. 205-215°, crop 3, 30 mg., m. 170-182°, and 
crop 4, 60 mg., m. 164-171°. Rec~stallization of crops 1 and 2 combined 
yielded 111 mg. of a substance, m. 213-221° which produced the typical 
color reaction of 17a-hydroxyprogesterone with sulfuric acid and whose IR 
spectrum was identical with that of an authentic sample. Recrystallization 
of crops 3 and 4 combined yielded 36 mg. of a substance, m. 173-177° which 
when mixed with similar material from P59-65 showed no depression in 
melti ng point. Further recrystalli zation of this substance combined with 
the similar material from P59-65 yielded 64 mg., m. 180-182°. With 
sulfuric acid a green fluorescence was produced which turned burgundy red 
overni ght. 'lhe IR spectrum of this substance indicated hydroxyl (2.82 p> 
and conjugated carbonyl (5.97)U, 6.17 JU), but no unconjugated carbonyl 
(as at C-20). Acetylation of a sample of this substance yielded a 
product whose IR spectrum indicated acetate (5.81 f' 8.06 f) and conjugated 
carbonyl (5.96 f' 6.16 f) but no free hydroxyl. Furthermore, the compound 
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did not give a positive reaction with the BT reagent indicating no 
(t-ketol side chain. Finally, since the substance was eluted from the 
chromatogram only shortly after progesterone it did not appear that more 
than 2 oxygen functions were present. 
These data suggested that a reduction of the carbonyl at C-20 of 
progesterone had occurred. The J!l spectrum was therefore compared wi th 
that of 64-pregnene-20~-ol-3-one (m. 171-172°, reported} and they were 
found to be identical. 
Oxidation of 5.0 mg. of the free compound with chromic anhydride in 
acetic ac'id for 10 minutes at room temperature according to the procedure 
of Sarett (Sl3) yielded 3.3 mg. of a substance which was recrystalli zed 
once t9 yield a product (1.6 mg.) identified as progesterone by comparison 
of i ts IR spectrum with that of an authenti c sample. Further data for the 
isolated compound are given below: 
I' )-max. 
MeOH 
log E. 
·c 
H 
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17a-Hydroxyprogesterone 
P69-71: (5-l) From these fractions were obtained crop 1, 482 mg., 
m. 204-209° and crop 2, 19 mg., m. 187-197°. Recrystallization of the 
combined solids (each consisted of clusters of tiny needles) yielded a 
substance which produced the typical color reaction of 17a-hydroxy-
progesterone ~uth sulfuric acid, gave no depression in melting point on 
mixture with authentic sample and yielded an IR spectrum identical with 
that of authentic sample (m. 222-·223°). 
A1lopregnane-3~ 2 17a-diol-20-one 
17a-Hydroxyprogesterone 
P72,73274: (5-l) From P72 were obtained crop 1, 36 mg., m. 173-195°, 
and crop 2, 12.L mg., m. 200-204°. From P73 were obtained crop 1, 9.9 mg., 
m. 192-222° and crop 2, 9.9 mg., m. 187-197°. From P74 was obtained 
crop 1, 12.6 mg., m. 192-222°. Recrystallization of crops 1 from P72-74 
0 yielded a substance, m. 248-258 whose IR spectrum was identical with 
that of authentic allopregnane-3~,17a-diol-20-one (m. 255-258°). Crops 2 
of P72-73 combined, on two recrystallizations yielded more 17a-hydroxy-
progesterone according to mixed melting point determination and sulfuric 
color test. 
P77-86: (8-1) Starting with P77 and continuing through P86 a red 
substance tended to crystallize out along with colorless solids_,. very often 
separated from the latte~ but sometimes appearing as a red coloration in 
the otherwise colorless solids. By trying various techniques it was found 
that this amorphous red solid tended to come out of solution before the 
other components. Utilizing this finding it was possible to remove the 
bulk of this interference by one or more preliminary rapid crystallizations 
l 
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followed by slovrer crystallizations. in which the colorless material appeared. 
In some instances the procedure had to be repeated after large amounts of 
colorless solid was removed since the concentration of the red mater ial 
was thereby relatively increased. The IR spectrum of thi s red substance 
(obtai ned in total yield o~ ca. 3 mg.) indicated that it was non-steroidal 
and it vras not studied further. 
11~-Hydroxyprogesterone 
P?7: (5-l) From this fraction were obtained two colorless crops of 
crystals. The first (44. 9 mg.), triangular prisms,. m. 18.5-188° produced 
a green fluorescence with sulfuric acid on standi ng overnight. The 
melting point, sulfuric color test, and crystal form strongly suggest 
that thi s substance is 11~-hydroxyprogesterone, which was identifi ed more 
definitively in successive fractions. The second colorless crop contained 
4.1 mg. of solid which was recrystallized and identified as allopregnane-
3~,17a-diol-20-one by IR spectra comparisoh. 
11~-Hydroxyprogesterone 
Allopregnane-J~,l?a-diol-20-one 
P78-80: (5-l) From these fractions were obtained 2 almost colorless 
solids of similar melting point which were combined for recrystallization 
and yielded 180 mg. of triangular prisms, m. 183-186°, slightly pinkish. 
Sulfuric yielded a green fluorescence on standing overnight, again 
strongly suggesting 11~-hydroxyprogesterone. From the second colorless 
crop of P78-80 were obtained 14 mg. of crystals, not very well formed, 
m. 183-186° which on recrystallization yielded 0.3 mg. of a substance, 
m. 2.50-2.57°, ident ical in IR spectrum with allopregnane-3~,17a-diol-20-one. 
l 
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llp-Hydroxyproges t erone 
P81-83: (5-l) From this fraction was obtained one almost colorless 
crop, m. 183-185°, along with 4 red crops. The colorless solid was 
recrystallized ~ 2 crops were obtained. The first contained several 
crystal forms wi th different melting points. Recrystalli zation of the 
total yielded a sample whose IR spectrum was identical with that of 
authentic 11~-hydroxyprogesterone (m. 180-183°). The second crop 
contained more of the same substance (IR spectra comparison). 
P84-85: (5-l) These fracti ons yielded only red solid. 
Reichstein's SubstanceS 
P86: (5-l) From this fraction was obtained one crop of colorless 
cr~ystals, m. 195-203° which on one recrystallization was raised to 
202-2o8°. Reaction with sulfuric acid produced a red color which turned 
blue on standing (typical of compoundS). Mixed melting point ' with an 
authentic sample of compoundS showed no depression (197-208°). 
P88-89: (5-l) From these fractions were obtained three crops of 
chloro~Jcetin and a fourth crop of compound S. The latter two were 
identi fied by I R spectra comparison of the products of recrystallizations 
of combined samples from this and othe r chromato grams from the same 
perfusion. 
Chlorornycetin 
P90-98: (5-l) Similarly, these fractions yielded chloromycetin in 
crops 1, 3, and 4 and compoundS (34.6 mg.) in crop 2. 
P99-l04: (5-l) As with the above two fractions chloromycetin (crops 
l and 3) and compound S (crops 2 and 4), total 81.2 mg., were obtained 
from these eluates. 
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Corticosterone 
Pl05-ll2: (5-l) These fractions yielded chloromycetin in crops 1-3· 
From crop 4 were obtained 90 mg. of transparent triangular prisms, 
m. 186-187°, with one corner chopped off {characteristic of corticosterone). 
Sulfuric acid test gave an immediate green fluorescence (also characteristic 
of corticosterone). Recrystallization of this substance along with other 
similar material from subsequent fractions resulted in a product identical 
in IR spectrum with authentic corticosterone. 
Pll3-121: (5-l) From these fractions was obtained only chloromycetin. 
Pl2 2-152: (5-l) From these fractions in 10 combinations were obtained 
in all cases chloromycetin in crop 1 and corticosterone in crop 2. A 
third crop in some cases was also corticosterone. 
Cortisol 
Pl54-19~ (5-l, 1-2) From these fractions, in seven combinations, 
were obtained in each case in either one or two crops, material falling 
in the melting point range 195-200°. These solids were recrystallized 
along with other similar material to yield a product identical in IR 
spectrum with that of authentic cortisol. 
Rechromatography of Mother Liquors in the 17a-Hydro3fprogesterone 
to the Corticosterone Region (Chrom 3): 
Another chromatogram was run covering the mother liquors of 
crystallizati ons from around the 17a-hydroxyprogesterone region up till 
but not including the corticosterone region. 
(8.04 g.) came from the 3 previous columns. 
The charge for this column 
A total of 69 fractions 
(500 ml. each) was collected from the column containing 550 grams of 
silica gel (6.3 x 32 em.). The first 20 fractions yielded no crystals. 
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From P21-53 in 10 combinations were obtained only small amounts of 
crystals which were not investigated further. From P57 (benzene-ethyl 
acetate, 5:1) total 130 mg., were obtained 47 mg., m. ·195-207° of a 
solid which gave the ~pical red color with sulfuric acid of compound s. 
Combination of this with other similar material for recrystallization 
resulted in a crystalline solid identical in I R spectrum with authent ic 
compound S. From P58 was obtained similar crystalline material. P59 
yielded chloromycetin (identified by crystal form, melting point, and 
IR spectrum of a sample recrystallized along with other similar material. 
Rechromatography of the Corticosterone through the Cortisol 
Region (Chrom 4): 
This chromatogram included material front the corticosterone range 
through somewhat after the cortisol range (total 21.5 grams). The 
mixture was applied to a 1075 g. silica gel column (6.3 x 55 em.) in 
benzene-ethyl acetate (3 1/2-1) and 188 fracti ons (1 liter each) were 
collected manually. The compounds identified are listed in Table XIII 
and described in greater detail in order of increasing fraction numbers. 
The first 16 fractions yielded no crystals. 
11~-Hydroxyprogesterone 
Pl7-24: (3 1/2-1) From a total of 197 mg., (Pl7-19) were obtained 
36 mg., m. 167-183, knife-like prisms. A second crop gave a small amount 
of similar material. Similar material was also obtained from P20-22, 23, 
and 24. All of this material (total 168 mg.) was combined for recrystal-
lization and yielded 115 mg. of triangular prisms with one or more corners 
cut off, m. 189-190°. The IR spectrum of this substance was found to be 
identical with that of 11~-hydroxyprogesterone. Electrolyte assay on this 
Table XIII 
Compounds Identified from Chrom 4 
I 
Eluates Where Total Eluate Amount Isolated m~p. range, 0 c. Principal 
Compound ' Obtained* \'Ieight (mg. ) Crystalline (mg.) crude recryst. Characterization 
11~-Hydroxyprogesterone Pl7-24 (3 1/2-1) 662 168 166-183 190-191 melting point, IR 
Compound S P25-40 (3 1/2-1) 2945 382 194.-212 207-212 melting point, IR 
sulfuric color test 
6~-Hydroxyprogesterone P29-34 (3 1/2-1) 965 49 173-178 181-182 melting point, IR, UVJ 
sulfuric acid spectrm 
running rate on paper 
Chloromycetin P36-89 (3 1/2-1) 12.33 g. 5583 143 ... 155 155-155 1/2 melting point, IR 
. 
Corticosterone P41-85 (3 1/2-1) 10.84 g. 1672 170-182 180-185 melting point, IR 
-
Cortisol P90-121 (3-1, 1568 319 189-213 210-212 melting point, IR 
1-1) 
*ratios are benzene to ethyl acetate (v./v.) 
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substance showed no activity. 
Reichstein's SubstanceS 
P25: (3 1/2-1) From this fraction, total 119 mg. was obtained 7.7 mg. 
of a solid, m. 197-209° which gave the typical sulfuric acid test of 
compound s. A recrystallized sample (along with other similar mater ial) 
had an IR spectrum identical with that of authentic sample. 
Reichstein1 s SubstanceS 
6~-Hydroxypro gesterone 
P26-34: (3 1/2-1) From P26-J4, total 1387 mg., were obtained crop 1, 
335 mg., m. 0 0 187-210 , and P29-34, crop 2, 43 mg., m. 192-199 • Recrystal-
lizati on of these solids along with other similar material resulted in a 
substance whose IR spectrum was identical with that of Reichstein's 
substance S. A third crop from P29-34 containing 49 mg., m. 173-178° 
yielded no color when reacted with sulfuric acid. This compound was 
designated as SK3. Two recrystallization s of SK3 yielded the pure 
sample, m. 180-183°. Mixture of SK3 with 11~-hydroxyprogesterone resulted 
in a large depression in melting point. The ultraviolet absorption 
spectrum of SK3 in methanol showed a maximum at 236.5 my indicating a 
conjugated carbonyl and suggesting the possibility of a 6~-hydroxylated­
~4-3-ketone. The latter structure had been shown to have a maximum in 
the 236 )P region compared with the 240 my maximum for the simple 
~4-3-ketoneB (Dl2). BT test for a-ketols was negative. The IR absorption 
spectrum indicated hydroxyl (2.98 p), carbonyl (5.89 JI), and conjugated 
carbonyl (6.0lp). These data suggested therefore that SK3 was an 
hydroxylated progesterone, and more specifically 6~-hydroxyprogesterone 
(E2), (m. 177-178°, )_max. 235.5/). The running rate of SK~ on paper 
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chromatography and its position in the column chromatogram were also 
consistent with this. Comparison of the IR spectrum of SK3 with that 
of an authentic sample of 6~-hydroxyprogesterone proved them to be 
identical. A still further corroboration of identity was obtained by a 
comparison of the spectra obtained in sulfuric acid. The follo~~ng 
peaks were obtained: 
Absor tion Maxima in Cone. Sulfuric ( .) 
6~-hydroxyprogesterone 290, 345, 460 
SK3 287.5-295, 345, 470 
Electrolyte assay on SK3 indicated little or no activity. 
P35: (3 1/2-1) From this fraction, total 131 mg. were obtained 31 mg. 
of compound S (IR). 
P36-38: (3 1/2-l) From these fractions, total 631 mg. were obta.ined 
in crop 1, 71 mg. of compound S (IR) and in crop 2, 91 mg. of chloromycetin 
(IR.) . 
P39-40: (3 l/2-1) From these fractions, total 682 mg. were obtained 
chloromycetin, crops 1 and 2 (245 mg.) (IR) and compound S, crop 3 (27 mg.) 
(IR). 
P41: (3 l/2-1) From a total of 380 mg. were obtained two crops of 
chloromycetin (IR), total 210 mg. The third and fourth crops yielded 
0.3 mg. and 11.5 mg. respectively of typical corticosterone like prisms. 
Recrystallization of these solids along with other similar material yielded 
a product identical with authentic corticosterone (IR). 
All of the remaining identifications were made through IR spectra 
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comparison of products of recrystallizati ons of similar material. The 
identifications will be listed along with the amounts isolated. In some 
of these crystallizations of chloromycetin, methylene chloride was found 
to be a useful solvent by virtue of the f act tha.t the steroids are much 
more soluble in it than is chloromycetin. 
P42-45: (3 1/2 - l) Total 1891 mg. crude eluate 
Crop 1, chloromycetin, 859 mg. 
2, chloromycetin, 219 mg. 
3, corticosterone, 108 mg. 
4, chloromyc etin, 57 mg. 
s, corticosterone, 31 mg. 
Crop 5 of P42-4S appeared to be somewhat different in crystal form 
from the typical corticosterone prisms. Several of the samples from 
P46-76 were identical with these and were combined with the former for 
further recrystallizati on. Two such recrystallizations resulted in the 
typical corticosterone like prisms and it was then seen that the 
apparently different crystal forms had basically the same crystal angles 
as the others but had merely grown more in one dimension. The compound 
had the same running rate on paper and sulfuric acid spectrum as 
authentic corticosterone. 
Chloromycetin (3.52 grams) was obtained in either one or two crops 
from the follmving fractions: 
P46-48 
P49-SO 
P51 
P52-54 
Total residue weight (mg.) 
1617 
939 
427 
1053 
More 
Hore 
P55-58 1246 
P59-62 967 
P63-69 1090 
P70-76 687 
P77-85 548 
P86-89 (3 1/2-l) 174 
chloromycetin was also obtained from: 
P46-48, Crop 4, 93 mg. 
P52-62, Crop 5, ll4mg. 
P63-69, Crop 4, 100 mg. 
P77-85, Crop 4, 3 mg. 
corticosterone was also obtained from: 
P46-48, Crop 3, 382 mg. 
P52-62, Crops 3, 4, 633 mg. 
P63-76, Crop 3, 395 mg. 
P77-85, Crops 3, 5, 73 mg. 
The combined mother liquors of P42-85 gave one further crop of 
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chloromycetin. Electrolyte assay on the remaining mother liquor showed 
no sodium retaining activity. 
<:..o~"T \'So-
From the next groups of f ractions was obtained cortisol in the 
following amounts: 
Total Residue Crops Amount Crystalline 
P90-96 273 mg. 1 32 mg. 
P97-103 307 mg. 1 60 mg. 
Pl04-lll 341 mg. l 101 mg. 
Pll2-l2l 647 mg. 1, 2 155 mg. 
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Electrolyte assay on the combined mother liquor P86-121 showed a trace 
of activity (0- 6% as active as DOC). 
Pl21 was the last fraction from which cortisol 'i'ras obtained. 
Pl22-128 (total 294 mg.) as well as Pl29-140 {total 1052 mg.) yielded no 
crystals. 
Isolation of an Unkno~cn Crystalline Substance Exhibiting Electrolyte 
Activity (designated as SK2 ) : -:~ 
From Pl4l-150 (total 400. mg.) were isolated about 29 mg. of colorless 
needles, melting point range 208-218°. Purification of the crude soli d 
by recrystallizat ions from methanol, and by partition chromatography on 
Celite 545 (20 g.) using methanol-water, 1:1 (10 ml.) as the stationary 
phase and benzene-ethyl acetate, 15:1 as the mobile phase in a column 
12 mm. x 30 em. yielded about 10. mg. of solids, melting 230-236° to 
240-244°. Sodium retention assay on this substance showed it to be 1 
-~~ 
and 10 times as active as OOC in doses of 6 and 0.5 ug. respectively. " 
* This compound has recently been identified as ~4-pregnene-17a,l9,21-
triol-3,20-dione (19-hydroiy-compound S). The identification will be 
di scussed later in this section. 
**Repetit ion of thi s assay after the compound was identified has shown 
t hat the substance is not active. Although the sample originally tested 
had been recrystalli zed to a constant melting point range it now appears 
that an impurity was present which caused the electrolyte activity. The 
second sample tested had been chromatographed further on celite whereas 
the first sample had not. (The melting points of the two samples 
however, were not different). Studies are now in progress to identi fy 
the impurity. 
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In view of the small amount of material presen-t;_, it was decided to 
postpone elemental analysis until further work was done. A working 
hypothesis was made, however, that SK2 was a C-21 steroid. 
Addition of concentrated sulfuric acid to a small amount of SK2 
on a glass spot plate resulted in an inunediate format"ion of red color 
when viewed on a black or white background. The spectrum obtained using 
a Beckman (DU) spectrophotometer shov1ed absorption maxima at 2tl5, 395 
and 540 mr· 
On paper chromatography SK2 was found to have a running rate about 
1/3 that of l?a-hydroxycorticosterone (cortisol) according to BT, u. v . 
absorption, and DNPH color tests which were all positive. These color 
tests suggested that SK2 contained an a,~-unsaturated ketone grouping, 
and an a-ketal side chain. The ultraviolet absorption spectrum confirmed 
) MeOH 
and conjugated carbonyl; ~ax. "' 242 /' log£= 4. 2 (assuming a 
molecular weight of cortisol~. 
The IR spectrum indicated hydroxyl (2.84 f), carbonyl (5.86 f) and 
conjugated carbonyl (6.02, 6.15 JU)• Acetylation of 1.3 mg . of SK2 with 
0.15 ml. pyridine and 0.05 ml. acetic anhydride at room temperature 
overnight followed by solvent removal in vacuo at room temperature 
resulted in a residue whose ~R spectrum indicated free hydroxyl (2.82 f), 
ester carbonyl (5. 78 f), conjugated carbonyl (6.00, 6.15 f) and acetate 
(8.13 f). This meant that SK2 contained at least 2 hydroxyls, one or 
more of which were readily acetylatable. It was known that the 11~ and 
17a hydroxyl groups would not acetylate under the conditions used. Since 
there were methods available for showing the presence of the l7a hydroxyl 
group in the corticosteroid side chain it was decided to try these. The 
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first method tried was the Porter-Silber test which has been described 
in the chapter, Hethods. In the follo1rli.ng table are compared the values 
obtained 1rdth SK2, SK2-acetate, cortico sterone (a negative control) and 
17a-hydroxycorticosterone (a positive control). Each determination was 
made on a 10 and 20 pg. sample and the table gives the average value 
calculated for 10 pg. With SK2 and with 17a-hydroxycorticosterone the 
readings have been corrected for a blank of steroid and only the sulfuric 
acid solution. With the corticosterone and SK2-acetate this was not done. 
Compound tested 
cortico sterone 
17a-hydroxycorticosterone 
SK2 
SK2-acetate 
Average optical density 410 m~ 
o.ooh 
0.021 
0.023 
0.016 
I 
The results therefore suggest either a 17cr.-hydroxy corticoid side 
16 
chain or the corresponding 6 compound. 
The second method tried was sodium bismuthate oxidation of SK2 
followed by Zimmermann (Z2A) determination of the resultant product for 
17-ketosteroid. Oxidation of the dihydroxyacetone side chain with sodium 
bismuthate result in a 17-ketosteroid which can then be determined by 
reaction of the crude product with alkaline m-dinitrobenzene according 
to the Zimmermann procedure (Z2A). Thus 100 )lg. of SK2 were oxidized 
with sodium bismuthate using the procedure of Brooks and Norymberski 
(BlO) and t h e product then reacted according to the Callow (C7) modifi-
cation of the Zimmermann reaction. In the following table are compared 
the values obtained with SK2, corticosterone (a negative control) and 
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cortisone (a positive control). Determinations were made in duplicate 
on 33 and 66 fg• aliquots. 
Compound 
Corticosterone 
Cortisone 
SK2 
Average optical density ()10 Jf) 
0.17 
0.46 
0.42 
That SK2 was oxidized to a 17-ketosteroid is clearly indicated by 
the above results. This represents therefore independent evidence that 
SK2 possesses the dihydroxyacetone side chain since the a-ketal at 20, 
21 does not yield a 17-ketosteroid and the 17-hydroxy-20-ketone is not 
oxidized by sodium bismuthate (BlO). 
Having this evidence available toward the structure of SK2 it then 
became desirable to determine the number of hydroxyls on SK2 which had 
become acetylated. There are several methods which have been used to 
accomplish this. Among these are quantitative spectrophotometric 
determi nation of the ferric hydroxamate complex (H28, Z5), acetylation 
with radioactive acetic anhydride followed by determination of specific 
radioactivity (S3), and a method based on mobility on paper chromatograms 
(Z2). In essence the last method depends upon the fact that monoacetates 
run much more rapidly on paper than do the corresponding free compounds 
and polyacetates run with the solvent front. Furthermore, it was 
suspected at this point that SK2 might be the 17a-hydroxy derivative of 
aldosterone. If SK2 were actually this which the evidence thus far could 
not eliminate;it should form a diacetate under the conditions employed ~~d 
migrate as rapidly, by analogy, as cortisone acetate (aldosterone diacetate 
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mi grates as the 17-desoxycortisone acetate (S3)). The acetylated SK2 was 
actually found to have a running rate 1 1/2 times that of cortisone 
acetate in the benzene-formamide system on parallel strips of the same 
chromatogram. Although negative evidence1 this did not eliminate SK2 as 
the l?a-hydroxyaldosterone and was in general evidence for SK2 being a 
polyacetate. Other evidence for SK2 acetate being a diacetate is seen 
from the following ratios of mobilities. 
Compound F ,. 3• 6 SK2 
Compound F acetate ~ 0.45 
SK2 acetate 
Aldosterone 
Cortisone 
: Aldosterone-21-monoacetate 
Cortisone monoacetate 
Tetrahydrocortisone* = 2.0 
SK2 
Tetrahydrocortisone diacetate 1 = .2 SK2 acetate 
*pregnane-3a,l?a,21-triol-11,20-dione 
= 1 
The eightfold difference encountered in going from the ratio of 
compound F to SK2 to the co'rresponding ratio of acetates compared with a 
less than twofold change with tetrahydrocortisone diacetate and the 
equality in the ratio of aldosterone and cortisone with their corresponding 
monoacetates strongly ·suggested SK2 as a diacetate. A triacetate, although 
highly unlikely, was not completely eliminated. 
Having thus obtained evidence that SK2 was a diacetate an attempt was 
made to oxidize a sample of SK2 with periodic acid in order to see whether 
a 0 -lactone (A-max. = ca. 5.62 f) would be formed as in the case of 
aldosterone. (An outline of the structure proof for aldosterone has been 
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included in the appendix in view of its obvious relation to the problem.) 
For this purpose 2.0 mg. of SK2 were oxidized with periodic acid according 
to the methods of Simpson, et al. (S4), a modification of that of von Em-r 
and Reichstein (V5). The periodic acid solution was prepared by dissolving 
1.00 gms. of sodium periodate (G. F. Smith) in 70 ml. water, bringing to 
pH 3-4 with 2 drops of 2N H2so4 and diluting to 100 ml. w.i.. th water. For 
the reaction 2.00 mg. of SK2 were dissolved in 0.25 ml. methanol and 
0.37 ml. of the above periodic acid solution added. The reaction was 
carried out for 2 hours at room temperature in the dark. The methanol 
was removed in vacuo at room temperature, the resultant solution diluted 
with several drops of water, acidified with 2N H2so4 to the Congo red 
color and then extracted with 3 x 5 ml. methylene chloride. The combined 
methylene chloride extract was successively extracted with l ml. water, 
l ml. 0.2N sodium carbonate, 0.5 ml. water, l ml. 0.2N sodium carbonate, 
and 2 x 0.5 ml. water. The combined sodium carbonate and water solutions 
were cooled to 0°c., acidified to the Congo red color with 2N H2so4 and 
the acidified solution extracted with 6 x 5 ml. methylene chloride. The 
methylene chloride solutions of both the neutral and acidic fractions 
were dried over anhydrous sodium sulfate and vacuum concentrated. The 
neutral fraction, 0.8 mg. was a yellow syrup. The acidic fraction, 1.2 mg. 
was a yellow syrup with some colorless crystals. The neutral fraction 
could not be crystallized. It was therefore partition chromatographed on 
a column of Celite 545 (3 gms.) using benzene-ethyl acetate (10-l), 
1.5 ml., as the mobile phase and 50% aqueous methanol as the stationary 
phase. 0.2 ml. fracti ons were collected; for 24 fractions, none of 
rlhich produc ed crystalline material as observed with a magnifying glass. 
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The fractions were therefore combined and submitted for IR ana~ysis. The 
spectrum was very poor and indicated only low absorption maxima at 5.76 
and 5. 80 f• 
The acidic fraction from ethyl acetate-neohexane at room temper ature 
yielded clusters of crystals in the form of buttons, crop 1, 0.7 mg., 
melting 213-217°. Attempts to recrystallize crop 1 were fruitless and 
t he total residue was chromatographed on a 3 gram Celi te column as with 
the neutral fraction. Fractions collected contai ned ca. 0.4 ml. Pl8-23 
contained traces of crystalline material and were submitted for IR 
analysis. Absorption wa.s found at 2.86, 5. 81, 6.02 and 6.15 f with the 
latter 2 being the most intense in the carbonyl region. From P28- 34 was 
obtained more crystalline material identical in IR spectrum with PlB-23. 
Both of these fracti ons were different however in IR spectrum from the 
mo t her liquor of crop 1, acidic. The latter showed absorption at 2.90, 
5.79, 5.85, and 6.04)1 with the most intense band at 5.85 JU• Thus the 
acidic fracti on seemed to result in two substances. One of these contained 
more conjugated carbonyl than unconjugated and the other, more non-
conjugated. (The mother liquor contained less conjugated carbonyl.) 
It therefore appeared that a~-lactone was not formed by this 
procedure. A second procedure which resulted in the formation of a 
~-lactone from aldosterone was oxidation with chromic anhydride. To see 
......._£L 
whether a\) -lactone would be formed"' in general to study the effect of 
this oxidation spectrophotometrically~ a sample of SK2 was treated according 
to the procedure of Sarett (Sl3). 0.2 mg. of SK2 were dissolved in 0.02 ml. 
80% acetic acid and treated with 0.02 ml. Cro3 solution (60 mg. cro3 in 
0.06 ml. water and 1.14 ml. glacial acetic acid). The resultant solution 
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was allovled to stand at room temperature for 10 minutes, diluted with 
water, and extracted with chloroform. The infrared spectrum of the 
neutral product in carbon disulfide in a microcell showed absorption 
maxima at 5. 75 f (17-carbonyl possibly) and 5.84y ( unconjugated 
carbonyl) but none near 5.62 f• It thus appeared that the side chain 
was cleaved to the 17-ketosteroid, that there was another carbonyl 
somewhere on the molecule and that the conjugated carbonyl was masked 
or had been altered. Furthermore, the results of the periodic acid and 
chromic anhydride oxidations also suggested the absence of an hydroxyl 
grouping at position 18 which would also be expected to result in a 
0 -lactone. 
At this point it was .felt that SK2 was a hydroxylated, l7a-hydroxy-
11-desoxycorticosterone and methods were sought to try to locate the 
missing hydroxyl. 
In 1953, it was reported by Mattox, et al. (I-16) in a note that 
2,4-dinitrophenylhydrazones of ~4-3-ketosteroids which also contained 
hydroxyl groups at the l, 2, 6, or 7 positions could be determined by a 
perchloric-acetic acid dehydration procedure which would be observed in 
a shift of the ultraviolet absorption maximum from the 385 m/ region to 
the 395 m}1 region due to the added conjugation. No experimental details 
were given. Evidence for this sug gestion was presented for the compounds 
6a and p acetoxy-11-desoxycorticosterone acetate where shifts of from 387 
and 381 to 398 and 400 rrr respectively were reported. No evidence vlas 
presented for the l, 2, or 7 positions. 
To see the effect of this reaction of SK2 acetate 100 ~5 were 
aliquoted onto a l em. strip of \~hatman No. 1 filter paper, attempting 
- - -------·---
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to keep the material in an area of 1 sq. em. The solvent was allolved to 
evaporate and the strip dipped into a solution of 2,4-dinitrophenyl-
hydrazine hydrochloride (u.S g. in 7.5 ml. cone. H2so4 and 100 ml. H2o) 
for about 18 minutes. The strip was removed and washed with water for 
about 1/2 hour to remove the excess reagent and air dried for 1 hour. 
The orange area due to the phenylhydrazone was then eluted with 
chloroform along with an equal blank area of paper without steroid. The 
u.v. spectrum in chloroform was then recorded. To the chloroform residue 
was then added 4 ml. of dehydrating mixture (0.02 N perchloric acid in 
glacial acetic) and the resultant solution was heated for 1 hour at 60°C. 
~nth reflux condenser and calcium chloride drying tube attached. The 
solution was then allowed to cool to room temperature, transferred to a 
round bottom flask using chloroform and vacuum concentrated with a water 
pump and then mechanical pump for 1 1/2 hours to remove the remainder of 
solvent. The spectra were then recorded in chloroform solution. At the 
same time a sample of 6a-acetoxy-64-androstene-3,17-dione was treated in 
an identical manner. Subsequently, other steroi ds were also tested 
(using 1 ml. of dehydrating mixture). The results of these experiments 
are summarized in Table XIV. 
After the initial determination of the absorption maximum of the 
DNPH derivative of SK2 acetate an impurity was accidentally introduced. 
Determination of the absorption spectrum after treatment with the 
perchloric-acetic acid reagent showed a maximum at 336 ~ which was 
probably due to the impurity. The initial maximum at J84 ;u was 
visible only as a plateau at ca. 384 ~ and did not therefore appear to 
have been shifted to greater wave lengths. When this was repeated on 
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Table XIV 
Results of Dehydration Studies on 2, 4-Dinitrophenylhydrazones 
' 
l Amax. of A-max. after 
Compound tested 2,4-DNPH perchloric-acetic 
~eri vative, treatment, J 
mr 
ba-acetoxy-64-androstene-3,17-dione 382 394 
SK2 acetate 384 378 
6a,2l-diacetoxyprogesterone 380 393 
1--· 
aldosterone diacetate 375 375 
cortisol acetate 385 387 
19,21-diacetoxyprogesterone 380 385 
2~,21-diacetoxy-17a-hydroxyprogesteronE 
* * 
* The 2~ and 21-acetoxy groups apparently sufficiently influenced t he 
carbonyl groups as not to react measurably with 2,4-DNPH . 
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another s&mple of SK2 acetate the maximum shifted from 384 to 378 ~· It 
is difficult to reconcile the fact that SK2 (more recently identified as 
19,17a-dihydroxy-DOC) exhibits this shift to lower wave lengths whereas 
19-hydro.xy-roc shows an increase of 5 my· However, the results were 
obtai ned on the basis of single determinations and should be repeated 
before dravung further conclusions. In the case of 2~,21-diacetoxy-l?a­
hydroxyprogesterone, the acetoxy groups apparently sufficiently influenced 
the carbonyl groups as not to react measurably with 2,4-DNPH reagent. It 
is known that under these conditions a carbonyl at C-20 does not react 
with 2,4-DNPH if an acetoxy group is present at C-21. Thus, by virtue of 
the fact that SK2-acetate did react with the DNPH reagent it was likely 
that SK2 contained no hydroxyl at the 2~ position or the 2a position but 
the latter was less certain. In summary, the positions at which the 
presence of hydroxyl seemed to be eliminated were 2, 6, and 7. Positions 
1 and 19 were left doubtful. 
Furthermore a comparison of the position of U.V. absorption maxima 
for the follmving three structures :i,.s illuminating. 
-\,-) 
Formula I is the simple case of a 64-3-ketone, ~max. = ca. 240 ~­
Formula II and I I I are the postulated structures for the products of 
dehydration of 1 or 2 and 6 or 7 hyd.roxyls respectively. In the 
progesterone series the reported values are the following: 
II, )._max. = 244 Irf (RlO) 
III, A max. = 282 rrr (vJ8) 
It is thus seen that the cross conjugated system is changed to only 
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slightly longer wave lengths compared with the linear conjugated system. 
Using this analogy for the corresponding dini trophenylhydrazone~ the test 
as originally postulated would not be expected to be as rigorous with the 
1 and 2 hydroxyls. In any case, the original specificity attributed to 
the test is incorrect. 
Another approach toward learning whether a hydroxyl group was present 
which could be readily dehydrated was made through a series of hydrochloric-
acetic acid dehydration attempts. It was hoped that a change would manifest 
itself in the ultraviolet or infrared absorption spectra. For this purpose 
0 120 )lg• of SK2 acetate were heated at 50 for 3 hours with several drops 
of 1/2% hydrochloric acid in glacial acetic acid. The solvent was then 
removed in ~ at room temperature and the product left in a vacuum 
desiccator with potassium hydroxide overnight. The ultraviolet absorption 
spectrum ( Figure 5, curve 2) showed no change except for an indication of 
a slight shoulder in the 290-300 ~ region which was not present in the 
original sample (curve 1). The sample was treated with the same reagent 
for another 6 hours and the ultraviolet absorption spectrum recorded 
(curve 3). The sample of SK2 chosen for this series of dehydrations 
showed initially a maximum absorption at 239 ;u· After the second 
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Figure 5. Ultraviolet Absorption Spectra of SK2 After Various Dehydration 
Attempts 
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dehydration attempt a shift to ca. 237-238 ~ occurred with an increase 
of the shoulder at ca. 290-300 my (not well defined; more like a gradual 
slope ). To increase this effect a third dehydration study was performed 
on the above residue for 3 hours at 70°C. This resulted in a shift of the 
maximum to ca. 235 my and a further increase in absorption in the 
ca. 290-300 ryu region (curve 4). A change seemed to be occuring which 
involved the conjugated carbonyl. 
Another phenomenon observed in all of these dehydration attempts 
was progressively increased absorption in the region below 240 mr as the 
conditions were made more severe. Thus the untreated acetate had an 
optical density of 0.32 at 210 ~' the first, second, and third 
dehydration attempts had optical densities of 0.46, 0.61 and 0.71 
respectively. A sample of 64-pregnene-20~-ol-3-one treated at 70°c for 
3 hours with the same dehydrating mixture resulted in an optical density 
change at 210 ryu from o.S4 to 0.73 as well as increased absorption in the 
300 my region. The major band in the 240 ryu re gion decreased only very 
slightly in intensity and did not change in position. 
The increased absorption in the low ultraviolet region of SK2 
acetate by this treatment compared with ~4-pregnene-20~-ol-3-one which 
might be expected under these conditions to undergo dehydration and thereby 
result in increased absorption in the 210 ryu region (characteristic of 
isolated double bonds (B9)) suggests an even greater amount of dehydration 
or rearrangement with dehydration with the case of SK2 acetate. Before 
making any definite conclusions however, compounds S and cortisol should 
be tested similarly. It should be noted here that the acetate was used 
to minimize destruction of the sensitive side chain, risking a lack of 
dehydration at other positions due to acetylation. The IR spectrum of the 
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products of the third dehydration showed ester carbonyl, acetate, and 
possible non-conjugated carbonyl as a film and hydroxyl in addition to 
carbon disulfide; the remainder of the spectrum was too poor to be 
interpreted. 
Si nce no a,~-unsaturated carbonyl absorption was visible although 
admittedly the spectrum was poor) it was decided to attem~ a dienone-
phenol rearrangement on SK2 acetate. The increased absorption near 
300 ~of the u.v. spectrum, suggestive of phenolic type structures, 
(although contraindicated by its low intensi ty and by the presence of 
only sli ghtly changed absorption in the 240 ~region of the u.v. 
spectrum) was added reason for risking 120 micrograms of SK2 acetate. 
l 4 . In this reaction a dienone such as the ~ ' -J-ketone is treated at room 
temperature for several hours with acetic anhydride using p-toluenesulfonic 
acid as catalyst. The product of the react ion is the corresponding phenol 
in ring A formed by a migration of the angular methyl group to C-1. It 
was fel t that if a l or 2 acetoxyl group were present on SK2 the reaction 
might still proceed with loss of acetic acid and migration of the angular 
methyl group to C-1. 
120 ~· of SK2 acetate were dissolved in 0.02 ml. acetic anhydride 
and O.J mg. p-toluenesulfonic acid monohydrate in 0.02 ml. acetic 
anhydride were added. The reaction was allowed to proceed at room 
temperature for 5 hours. Water (5 ml.) was then added and the solution 
extracted with 3 x 10 ml. methylene chloride. The combined methylene 
chloride solution was washed with 0.5 N sodium bicarbonate soluti on and 
with water. The sodium sulfate dried methylene chloride solution was then 
concentrated in vacuo. The ultraviolet spectrum (Figure 5, curve 5) now 
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showed a maximum at 230 1f with an optical density at 210 mr 1 1/3 times 
that at 230 ~· After the third HCl-HOAc dehydration there was equal 
absorption at 210 and 235 ~· The shoulder in the 290-300 region was 
also magnified. The IR spectrum of the product of the dienone-phenol 
reaction attempt showed hydroxyl (2.72, 2.80 JU), ester carbonyl (5.75 jl), 
small amount of non-conjugated carbonyl (5.84p) and trace if any of 
conjugated carbonyl (5. 97 f) l.ffien taken in carbon disulfide in a micro cell. 
It thus appeared that some change was occuring during these dehydrations 
which involved ring A and more specifically the ~4-j-~tone. The exact 
nature of the change could not be determined. During this reaction of a 
sample of SK2 acetate v~th acetic anhydride and p-toluenesulfonic acid in 
an .attempt to show a dienone-phenol rearrangemen;a pink color was noted 
on the addition of acetic anhydride to SK2 acetate. I n another experiment 
the ultraviolet spectrum in acetic anhydride of SK2 acetate against a blank 
of acetic anhydride showed a maximum at 531 Jf (assuming a diacetate vdth 
a molecular weight of cortisol, logf:: 1.4). The pink color disappeared 
on removing the solvent, adding pyridine, or adding p-toluenesulfonic 
acid. In the acetylation procedure SK2 was first dissolved in pyridine 
and acetic anhydride added. Hence the color wa s not noticed at that 
point. Diluting the pink solution with benzene or methylene chloride did 
not cause disappearance of color. The ult raviolet absorption spectrum in 
methanol of a sample of SK2 acetate treated l'li th acetic anhydride was 
almost unchanged from an untreated sample. The IR spectrum of a treated 
sample sho..red. considerably poorer resolution than that of the original 
spectrum and although similar, was not completely identical with it. 
Other steroid acetates treated with acetic anhydride and which remained 
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colorless include: 2~(0H) TIOC. diacetate and 6a(acetoxy)-~4-androstene-3,17-
diane. Other compounds treated Which produce a similar color include 
19-hydroxyprogesterone acetate, 19-hydroxy-11-desoxycorticosterone 
diacetate, 19-acetoxy-~4-3-keto-etienic acid, aldosterone diacetate, and 
6~-acetoxy-compound S acetate. None of the free compounds tested gave 
the color. These included aldosterone, 19(0H) DOC and SK2. The nature 
of the reaction occuring is not yet known. 
Afte r most of the work thus far described toward elucidating the 
structure of SK2 had been done, an attempt was made to remove the side 
chain of SK2 via oxidation with sodium bismuthate. It was felt that a 
17-ketosteroid would result which possibly could be more readily 
identified. If a 17-ketosteroid is reacted with acetic anhydride and 
pyridine under mild conditi ons and the IR spectrum of the product 
indicates free hydroxyl, a tertiary or other hindered hydroxyl must have 
been present. This approach could elimi nate the 8, 9, 11~ and 14 positions. 
Furthermore, following adrenal incubations with ~4-androstene-3,17-dione, 
Meyer (Ml8 , Ml9) had recently identified 19-hydroxy-~4-androstene-3,17-
dione by converting it on treatment with alkali to the corresponding 
19-nor-compound and formaldehyde (cf. B2l) . Simultaneous with this 
demonstration of hydroxylation at C-19 by the adrenal, 19-hydroxy-DOC 
was identified in these perfusates. (Thi s will be discussed in turn). I t 
was therefore considered possible that SK2 was 19-hydroxy-compound s. 
Since a sample of SK2 had been oxidized with periodic acid and an 
acidic product (presumably the etiocholenic acid) was available, an 
attempt was made to oxidize this crude product, m. 213-217°. Attempts 
to recrystallize this substance had been futile. 
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Oxidation of this sample with sodium bismuthate according to the 
procedure of Brooks and Norymberski (BlO) followed by paper chromatography 
of the reaction mixture for 6 hours using the toluene-propylene glycol 
system resulted in the detection of two U.V. positive zones (6.5-ll.O em. 
and 12.5-16.5 em.). Each zone was eluted and set up for crystallization 
from ethyl acetate and neohexane. From the first zone (corresponding in 
mobility to 19-hydroxy-~4-androstene-3,17-dione) was crystallized ca. 0.1 
of a substance, m. 169-173° (Heyer reported 168-170° for 19-hydroxy-
~6-aDdrostene-3,17-dione) whose IR spectrum indicated pentacyclic 
carbonyl (5. 78 f) and conjugated carbonyl (6.00, 6.15 f)• There was 
hoi-Jever insufficient material present to determine whether the spectrum 
was identical with that of Heyer's compound. From the second spot was 
crystallized a trace of materi al, m. 212-222°, possibly the unreacted 
etio acid. This was not studied further. 
Since very suggestive evidence had been obtained that 19-hydroxy-
~4-androstene-3,17-dione was formed in the oxidation, a sample of SK2 
(2.2 mg. ) was ox:idized directly with sodium bismuthate (S0-55 mg.) in 
2 ml. of 50% aqueous acetic acid (V· /v.) lvith stirring for 45 minut es in 
the dark. Extracti on of the reaction mixture with methylene chloride, 
.followed by removal of solvent and chromatography of the r esidue on paper 
for 6 hours resulted in a singl e U.V. positive zone at 4.5-9.5 em. From 
the residue o.f the eluted zone were crystallized crop 1, 0.5 mg., 
mg . 
m. 184-187°, crop 2, 0.3 mg., m. 170-172°, and crop 3, 0.2 mg., m. 171-172°. 
The IR spectrum of crop l was found to be different from that of 19-hydroxy-
~4-aDdrostene-3,17-dione. Crops 2 and 3 were combined and the IR spectrum 
recorded. The spectrum lvas found to be identical in all respects with 
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that of authentic 19-hydrory-64-androstene-3,17-dione. 
Acetylation of this substance with acetic anhydride and pyridine 
resulted in a colorless syrup which could not be crystallized but ~mose 
TR. spectrum indicated a.cetate (5. 75, 8.09 /) and conjugated carbonyl 
(5.95, 6.14 y) but no free hydroxyl. 
The structure of the other substance crystallized from t hi s reaction 
with sodium bismuthate is not known. The IR spectrum, however indicated 
hydroxyl (2.84, 2.96 ~), pentacyclic carbonyl (5.77 r), and conjugat ed 
carbonyl (5.99, 6.15 r), and i s in general very similar to that of 
19-hydroxy-64-androstene-3,17-dione. This substance could either have 
been formed from SK2 or from an impurity in SK2. The l atter possibility 
seems less likely. The structure of SK2 appears therefore to be 
established as 64-pregnene-17a,19,21-triol-3,20-dione. Although a 
microanalysis of SK2 for the elements would provide further evidence for 
the structure, a final proof will appear with its partial synthesis. 
Chromatography of the Most Polar Regions of Previous Columns (Chrom 5 ) : 
Thi s chromatogram consisted of the most polar regions of the previous 
columns of this perfusion; namely the acetone and methanol eluates. Total 
residue, 2.96 grams applied to 240 grams of silica gel (4.2 x 32 em.) in 
4-1 (benzene-ethyl acetate); collected 200 ml. eluates. Of the 246 
eluates collected all were amber syrups with no ' significant weight trends 
to indicate separation into various regions. The only fractions in 1mich 
crystallization could be induced were P29-51 which resulted in the 
isolation of 333 mg. of chloromycetin (IR). 
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Rechromatography of the SK2 Mother Liquors and Surrounding Material 
(Chrom 6): 
This chromatogram was an attempt to obtain more of SK2 in order to 
facilitate identification. The mother liquors in the SK2 region of 
Chrom 4, total 2.13 grams were chromatographed on 128 grams of silica gel 
(2.S x 43 em.) starting with S-1 (benzene-ethyl acetate. 121 fracti ons 
1-1ere collected, 200 ml. each..Jnone of which could be crystallized. The 
fracti ons wer e therefore combined into Pl-80 and P81-121 which in turn 
were assayed for electrolyte activity. The results indicated some 
activity in Pl-80 and none in ·P81-121. 
Rechromatography of the SK2 Region on Celite (Chrom 7): 
Since Pl-80 of Chrom 6 appeared to be active it was further 
chromatographed. Previous experience had sho1m however that silica gel 
adsorption chromatography was incapable of resolving the mixture any 
further. To achieve a resolution, partition chron~tography on Celite 
. 
S4S was attempted. Thus, 1.53 grams were chromatographed in a water 
jacketed column (3 x 74 em.) for constant temperature (25°), prepared 
with Celite S4S (350 g.) and 50% aqueous methanol (233 ml.) as the 
stationary phase and benzene as the mobile phase. 
Since the steroid mixture was in'soluble in benzene various procedures 
were tried to place the material on the column without appreciably dis-
turbing the partition ~stem. The first method tried was that of Harman, 
et al. (Hl9). In this procedure the steroid mixture is partitioned in a 
separatory funnel between the stationary and mobile phase several times 
until it is all in the mobile phase and then applied to the column in this 
solvent. With the charge for Chrom 7 this procedure was inapplicable since 
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the mixture was too insoluble in either phase and 3 layers formed. The 
next procedure tried was that of Simpson et al. (S3). The crude mixture 
-vms dissolved in a minimal amount of acetone; to this solution was added 
Celite (3 gms.) which previously had been equilibrated with stationary 
phase solvent (2 ml.) by thorough mixing. The acetone was then carefully 
removed in vacuo. The resultant residue was transferred mechanically to 
the top of a previously prepared column and the additional Celite packed 
down with a small amount of added mobile phase. To effect a more 
quantitative transfer the remaining Celite was diluted with freshly 
equilibrated Celite (3 gms.) and the resultant mixture applied to the top 
of the column as before. 
During the chromatogram 150 fractions were collected using an 
automatic time controlled turntable. On the average fractions contained 
SO ml. but there was some variation due to changes in flow rate. 
19-Hydroxy-ll-desoxycorticosterone 
From Pl6-20, total 199 mg. was isolated 26 mg. of crystalline material 
falling in the m.p. range 143-152°. Mixed melting point determination as 
well as crystal formed indicated them to be identical. They were therefore 
combined and recrystallized three times to yield 6.3 mg., m. 154-157°, 
designated SK5. The substance was not apparently purified further in the 
third recrystallization. IR analysis of SK5 indicated hydroxyl (2.92 f), 
carbonyl (5.83 f) and conjugated carbonyl (6.01, 6.15 f). Sulfuric acid 
produced a slight greenish fluorescence which after several minutes turned 
blue green with burgundy fluorescence. Blue tetrazolium test was positive 
indicating a-ketal. Acetylation of SKS, 1.0 mg. with 0.12 ml. pyridine 
and 0.05 ml. acetic anhydride resulted in a crystalline residue, a sample 
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of Which melted at 115-117 • Recrystallization of this residue raised 
the m.p. to 127-130°. The IR spectrum of SK5, acetylation showed an 
ester carbonyl, acetate, conjugated carbonyl but no hydroxyl. The 
conjugated carbonyl band of the free compound was absent but there was a 
side bump at that position indicating its masked presence. Since t here 
was no free hydroxyl, the l7a-hydroxyl, other tertiary positions, as >vell 
as 11~-hydroxyl could be eliminated barring the presence of a hemiacetal 
as in aldosterone. The absence of l7a-OH was confirmed with Porter-Silber 
determination. It thus appeared that SK5 was a hydroxylated DOC. The 
running rate on paper in the toluene-propylene glycol system was found to 
be approximately 4 times as great as cortisol, consistent with a 
hydroxylated roc. Comparison of the IR spectra of SK5 with that of 6a and 
6~-hydroxy-OOC proved them to be different. A sample of 19-hydroxy-OOC , 
prepared by Barber and Ehrenstein (Bll) from strophanthidin, reported 
melting point 163-165°, found 152-156° was then obtained and its IR 
spectrum was found to be identical with that of SK5. Acetylation of the 
authentic sample produced an acetate also identical in IR spectrum with 
SK5 acetate. Sulfuric acid test of authentic sample produced the 
identical color reaction as SK5. Reported melting point of the acetate 
is 127°. 
SK5 l9(0H)OOC 
m.p. ·(free} 154-157° 152 ... 156° (found) 
(acetate) 127-130° 127° 
MeOH 242 mu 242 mu 
max. 
log 4.19 4.26 
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'Ihe recorded sulfuric acid spectrum of SK.5 after 2 hrs. sho1-1ed a 
large maximum at 284 ~ and smaller ones at 372 and 445 ~· 
Cortisol 
From P60-66, total 47.4 mg. was isolated 15.2 mg. of a substance 
which did not depress the melting point of authentic compound F. One 
recrystallization produced material identical in IR spectrum with 
authentic cortisol. 
Isolation of an Unknown Compound (SK6) 
From P67-74, and P75-91, total residue 69.7 mg. were obtained 34.3 mg. 
of well formed prisms, m. 215-223°. Recrystallization of this substance 
resulted in 22.6 mg., m. 217-222°. The IR spectrum of this compound 
indicated hydroxyl (2.92 f), carbonyl (5.88 r), and conjugated carbonyl 
(.5 . 98, 6.12 f). Blue tetrazolium test was negative indicating absence of 
an a-ketol side chain. FS determination indicated a 20, 21-glycol. 
Acetylation of SK6 resulted in a product which still retained free hydroxyl 
(2.92 r) and suggested therefore either an 11~ or 17~ hydroxyl. Comparison 
of the IR spectrum of the acetate with that of ~4-pregnene-17a,20~,21-triol-
3,11-dione, diacetate proved them to be different. No further work has 
been done on this compound. 
Reichstein1 s Compound C 
From P92-103 and Pl04-117 total 86.5 mg. was isolated 15.5 mg. of a 
substance m.p. 260-266° which on recrystallization yielded 6.4 mg., 
m. 270-278°. TheIR spectrum showed strong hydroxyl (2.88 f) and carbonyl 
(5.81 f) but no conjugated carbonyl. Comparison of the spectrum with that 
of an authentic sample of allopregnane,3a,ll~,l7a,21-tetrol-20-one 
(Reichstein1 s compound C) proved them to be identical. Mixed melting 
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point "With an authentic sample (m. 27 3-276°) shov1ed a 30° depression but 
it was then found that the authentic sample alone when crushed in a 
similar manner produced an identical depression. 
6@-Hydroxy-Compound S 
0 From Pll8-l48, total 26.2 mg. was obtained 6.1 mg., m. 230-240 • 
Testing with sulfuric acid yielded a greenish fluorescence of low intensity. 
Recrystallization of crop l yielded 3.4 mg., m. 238-242°. TheIR spectrum 
indicated hydroxyl (2.92 r>, conjugated carbonyl (6.oo, 6.13 r> and 
carbonyl (5.85 r>· . Acetylation produced a compound showing free hydroxyl, 
ester carbonyl, acetate, and conjugated carbonyl in the IR spectrum. The 
spectrum was compared with that of an authentic sample of 6p-l7a~dihydroxy­
ll-desoxycorticosterone (m. 243-246°) and they were found to be identical. 
Acetylation of an authentic sample resulted in the identical product as 
the acetate of the isolated product according to IR spectra. 
Allopregnane-3@,ll@,l7a,21-tetrol-20-one 
From Pl49-164, total 18.4 mg. was crystallized 5.6 mg. of a substance, 
m. 185-187°, resolidifying and remelting 210-215° with decomposition. Two 
recrystallizations of this material yielded a sample m. 212-220° whose IR 
spectrum was identical with that of allopregnane-3~,11~,17a,21-tetrol-20-
one (m. 220-225°). The color produced with sulfuric acid (orange __ ..,~ 
light green fluorescence) agrees with that reported. Although the IR 
spectrum of the free compound is identical with that of the reference 
standard acetylation of the isolated sample yielded a product (ca. 0.2-
0.3 mg.) whose IR spectrum was not completely identical with the reference 
acetate. However, the difference could be accounted for since there are 
indications of absorption maxima in the spectrum of the isolated sample 
in those regions where the reference sample definitely has maxima. 
I t thus appears that there is insufficient material present. 
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CHAPTER VI 
Recovery of Steroids from Blood 
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Historical: 
vJhen Hechter (H6) began his study of the perfusion of corticosteroids 
through the isolated adrenal glandJthe methods available for the extraction 
of corticosteroids from blood were extraction with ethanol (Hemphill and 
Reiss, Hl6) or ethanol-ether (3:1) (Corcoran and Page, C3), both of which 
precipitated the proteins. Further manipulation of the extract led to a 
mixture 1v-hose reducing ability was determined as a measure of cortico-
steroid content. No attempt was made in these two methods to determine 
the recovery of added corticosteroids. 
Hechter (H6), working with ACTH stimulated perfusates extracted the 
corticosteroids ~nth chloroform, chloroform-ethanol, ethanol-ether, or 
acetone. He considered these methods disadvantageous, particularly for 
the manipula tion of one liter or more because of emulsion difficulties 
or the presence of voluminous precipitates. He therefore turned to 
dialysis of the perfusate and subsequent extraction of the dialysate with 
chloroform, the resi dues of which were assayed for glycogenic activity 
(H6). This did not result in quantitative recoveries. 
Continuing this work with an expanded group consisting of Jacobsen, 
Jeanloz, Levy, Marshall, Hechter, Pincus, and Schenker various other 
dialysis techniques were considered including continuous countercurrent 
dialysis, and dialysis against a citrated saline solution containing an 
added absorbent such as charcoal. The latter technique was based on the 
l-rork of Grollman, Firor, and Grollman (G3) who used Nori t to separate 
corticosteroids from an aqueous extract of adrenal glands. They reported 
that the steroids could subsequently be eluted from the adsorbent by 
chloroform (G4) and that no deterioration of the corticosteroid W1ile on 
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the charcoal was detected, as determined by a growth assay, even when 
exposed to air at room temperature for six months. Grollman did state 
( G5) h01..rever that the mixture eluted from charcoal was not so amenable 
to further purification as the material obtained by solvent extracti on. 
Thus the group at the Worcester Foundation in attempting to 
evaluate the use of the charcoal procedure with dialysis found that the 
procedure could be immediately simplified by directly atlsorbing the 
steroids onto charcoal from blood. Variou s control experiments were 
performed to determine recoveries with typical steroi ds and have been 
thoroughly reviewed (14). Notable among these is the 87% crystalline 
recovery of corti costerone from Darco. The recoveries obtained 
althou gh not quantitative were sufficiently high as determined by 
recovery of radioactivity, crystallizations, and FS to adopt this 
technique in the early part of this work. 
During the first part of this research however, several disadvantages 
to the charcoal method were reported. Hechter, Solomon, and Caspi (Hl7 ) 
perfused a mixture of DOC-3-c14 and DOC-21-c14 through rat livers and, 
using the charcoal method, isolated only 47-61% of the radioactivity. 
About 6-10% of the missing activity was counted on the charcoal after 
drastic elution methods had been taken. Using the method of Nelson and 
Samuels (N2) reported a short time earlier vmich consisted of dilut ing 
the blood with an equal .volume of water and extracting with chloroform-
ether (1:4), they were able to obtain a recovery of 96-100%. Further, 
Meyer (M2) found that, when cortisone was adsorbed on Darco from water 
and subsequently elut ed, only 25-44% could be recovered as determined 
by ultraviolet absorption measurement of the extract. In one experiment, 
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a Zinunerrnann-positive (Z2A) zone of adreno sterone-like mobility Has 
ob served on a paper chromatogram of the extract. This alkaline, 
m-dinitrobenzene test can distinguish between 17 and 20-ketosteroids. 
It thus appeared that the Darco procedure needed re-evaluation on the 
basis of destructive nature, irreversible adsorption, and incomplet e 
adsorption. 
Ot her methods ~nich appeared while t his Hork was in progress 
included the use of various alkyl acetates such as ethyl and isopropyl, 
1vi th gentle s>virling and inverting r ather than violent shaking, in ordf!r 
to aff ect transfer of steroids without excess background material 
extracted from the blood. Using this procedure Thielen, Nysted, and 
Nihina (T3) reported recoveries of 100% and 94% for compounds S and F, 
respectively from Blood-Tyrode 1 s solution (1:1), determined by reduction 
of blue tetrazolium reagent. 
Meyer (M2) also developed the use of ethyl acetate to extract 
cortisone and its metabolites from whole blood-adrenal perfusates. He 
was able to recover abou t 90% of cortisone as determined by ultraviolet 
absorpt ion measurement of the extract. 
·.A still further attempt at solution of the problem was made by 
Thielen, Nysted, and l~hina (T3) who streamed blood through a capillary 
tube onto a column of solvent. This procedure results in a haze of 
droplets of blood vli th an enormous interfacial area wnich settle to the 
bottom at a rate controlled by the capillary size and pressure of the 
blood. 
Caspi and Hechter (C9) independently using this technique obtained 
a recovery of 92% of cortisone (measured by B. T.) with only a 100% 
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increase in weight_ due to extraneous material being extracted. It might 
be noted that a similar technique wa s used earlier by Jayle and Crepy 
(J2) to extract estrogens from hydrolyzed urine with ether. 
Having thus several methods available for extracting corticosteroids 
from blood it became necessary to evaluate them and chose the best method 
for future work. In deciding upon a method of choice the principal 
considerations are: percentage recovery, amount of destruction, amount of 
background material extracted, simplicity, and generality of technique. 
A large amount of background material makes further fractionation more 
difficult and hence is important. This appeared to be one of the main 
advantages of the charcoal procedure. 
Plan of the Research: 
Since the charcoal procedure appeared to be destructive in some 
ste r oids it seemed desirable to pre-treat the charcoal in various ways 
to try to reduce catalytic sur~aces. Among the methods tried to achieve 
this were: 1. treatment with KCN, 2. KCN and acetone, 3. Versene (a 
chelating agent). Furthermore, it was f elt that some destruction would 
be reduced if the steroids could be eluted from the charcoal at room 
temperature compared with extraction in a soxhlet apparatus at elevated 
temperatures . In each of various procedures tried a comparison was made 
with the jetting technique to determine relative merits. 
The approach used to obtain a comparison consisted of radioactive 
progesterone perfusates which were extracted by the various methods 
indicated and then compared for total recovery of radioactivity, total 
residue, behavior to crude chromatography in order to remove non-radioactive 
background material, effect of partition into neutral and acidic fractions, 
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amount of formaldehydogenic substance (periodate oxidation), and number 
of zones appearing on paper chromatography of the residues. 
Comparison of Recoveries using Isopropyl Acetate Extraction and Charcoal 
(Darco G60) Pretreated in Various Ways: 
To obtain a comparison of the isopropyl acetate extraction With the 
Darco procedure a perfusion of progesterone-4-c14 was done (3 glands, 
3 liters citrated whole blood, 300 mg. progesterone-4-c14, 890 counts/ 
minute/mg., tetal perfusion time 2 2/3 hours). After freezing (dry ice 
in acetone) and thawing, the perfusate was divided into three portions. 
These were designated as EQl, EQ2, and EQ3. EQl and EQ2 were extracted 
with Darco, Batches B and C respectively, prepared as described below·, 
and EQ3 was extracted with isopropyl acetate. 
Preparation of Darco Batch B: 
150 grams of Darco G60 were stirred With 1 liter of l.5N HCl on a 
steam bath for ca. l hour. The slurry was then suction filtered and 
washed with ca. l liter of hot tap water (ca. 60°). The wet Darco was 
then stirred with l liter of l.5N KHC03 for ca. l/2 hour on the steam 
bath, filtered and again washed with a liter of hot tap water. The Darco 
was then stirred with l liter of water containing l gram of KCN at room 
temperature for l/2 hour, filtered and washed with a liter of cold tap 
water. The Darco was then stirred With a liter of tap water on the steam 
bath for ca. l hour, filtered, washed with hot tap water and then 
distilled water. The slurry was then filtered and stored wet. By drying 
an aliquot it was found that 100 grams wet = 35 grBllls dry. 
Preparation of Darco Batch C: 
80 grams of Darco o60 were soxhletted with benzene for 5 hours and 
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dr~ed overnight at ca. 110°. 100 ml. of a 25% aqueous solution of 
versene (ethylenediaminetetracetic acid, tetrasodium salt) were mixed 
>nth 50 ml. of 3N HCl and the resultant solution diluted to 500 ml. 
(pH ca. 6). To this solution were added 80 grams of the benzene 
soxhletted Darco and the suspension stirre.d for one hour at room 
0 temperature, heated to 70 for 1 hour and left at room temperature 
overnight. The slurry was then filtered, washed with water and stored 
as such. By drying an aliquot it was found that 100 grams wet = 36 grams 
dry. 
Another sample of _Darco prepared exactly as Batch B was slurried 
with acetone and partially dried (110 g. wet = 36 g. dry). This was 
stored until use. l liter of perfusate was treated with 110 grams of 
acetone slurried Darco G60, Batch B in approximately 2 equal portions. 
0 The temperature of the perfusate was kept as close to 0 c. as possible 
with an ice bath during the addition and stirred for l hour after each 
addi tion with continued cooling. The su spension was then centrifuged 
and the residue washed -vlith water until blood was no longer visible in 
t he washings. An acetone slurry of the Darco was then transferred to a 
column (4 x 14 em.) and countercurrently eluted with acetone (ca. 1 liter), 
methylene chloride (ca. 8 liters) and benzene (ca. 1 liter). The Darco 
was then extracted with methylene chloride (M. C. ) and then methanol in a 
soxhle t apparatus. The residue extracted with methanol was next 
partitioned into neutral and acidic fractions, aliquots of each of the 
elution steps plated, and the radioactivity determined. The results of 
these determinati ons are summarized in Table XV. The bulk of the 
radioactivity was removed during the column elution. 
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1 l i ter of perfusate was extracted vnth the versene treated Darco 
i n exactly the same manner as in EQl. The recovery in each elution step 
is also tabulated in Table XV:. Again the bulk of the activity was 
removed in the column elution. 
900 ml. of blood were transferred to a separatory funnel and using 
ca. L. lb. nitrogen pressure forced through a capillary tube from a height 
of ca. 6 inches in a fine stream onto a column of isopropyl acetate 
(900 ml., 5.2 em. i.d. x 42 em.) while stirring gently with a spiral glass 
stirrer. ~~en sufficient blood settled to the bottom it was tapped off 
into a reservoir. A total of 3 passes was made using fresh solvent for 
each. The combined isopropyl acetate solution was then washed with 
3 x 1)0 ml. saturated saline solution, filtered through cotton and 
concentrated in~' residue ~ 244.3 mg. The residue was then partitioned 
between ethyl acetate and O.)N NaHC03• The results of the recovery are 
summed up in Table XV (the volume of perfusate has been corrected to 1 liter)o 
Almo s t all of the radioactivity is in the neutral fraction. 
Partition of the charcoal column eluates and the methylene chlorid e 
(M.C.) soxhlet residues into neutral and acidi·c for EQl and EQ2 removed 
additional acidic fractions of 14.6 mg. (equivalent to 0.5 mg. radioactivity, 
determined as progesterone equivalents; 0.5 mg.*) and 9.6 mg. (O.J mg.*) 
respectively. The total neutral fractions of EQl, 2, and 3 were individually 
chromatographed on silica gel (12 g.) collecting 4 fractions in each. These 
were: benzene (1 liter), benzene-ethyl acetate, 40:1 (500 ml.), acetone 
()00 ml.), and methanol (500 ml.). The results of these chromatograms are 
Table Y:V 
Recovery of Steroids from Progesterone-4- c14 Perfusate 
~o, 
EQl Eq2 EQJ 
Res. * Res. mg.' * mg., Technique mg. % Technique mg . % 
Acetone, H. C • , Acetone, H. C., 3 passes 
' benzene through benzene through 
column 178.7 97.2 column 155 .4 90.4 
M. C. Sox., 5 hr. 13.7 2.0 H. c. Sox., 4 hr. 14.7 3.2 272 mg. 
M.C. Sox ., 19 hr. 11. 8 1.5 M. c. Sox ., 20 hr. 19.0 3.5 partition 
NeOH Sox., 24 hr. MeOH Sox., 24 hr. Res., mg., * 
10.5 o.e 22.6 
mg. % 
neutral neutral 2.7 
neut ral 213.5 104.3 
acidic 17.5 o.4 acidic 21.2 0.4 
acidi c 8.5 0.7 
232.2 101.9 232.9 100.2~ 222.0 105.0 
71-
mg. refers to mg. of radioac tive material r ecovered assuming a molecular weight of 
progesterone; it i s thus a measure of progesterone- 4- cl4 equivalents . 1-' 
0 
1-' 
summarized in Table XVI. 
l * Charge:. EQl, 10 • 0 mg. 
EQ2, 99 • .5 mg.* 
* EQ3, 104.3 mg. 
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The EQl and EQ2 charges were not measured directly but were obtained 
by subtracting the radioactivity of the acidic fractions from that of the 
total. In each case more than 9Cf/, of the radioactivicy was recovered 
1ri th equal amounts of background material. 
To compare the nature of the substances extracted in the charcoal 
and solvent procedure:, aliquots of the acetone eluates were chroma tographed 
on paper in the toluene-propylene glycol system for 72 hours. The 
developed chromatograms were then compared for number and position of zones 
responding to DNPH, BT, and U. V. testing. The results of the BT, DNPH, and 
U. V. tests are summarized in Table XVII. EQl and EQ3 were run on different 
arms of the same sheet. Almost identical patterns were obtained in all 
cases. The only difference was two added U.V. positive zones in EQ3 . On 
another set of paper chromatograms the overflmvs of the first series were 
run for a shorter period of time to compare the less polar regions (EQl 
and EQ3, 9 1/2 hours; E~2, 9 hours). Again, EQl and EQJ were run on 
different arms of the same meet. The results obtained are surmnariz ed in 
Table XVIII . Here again, almost identical patterns were obtained. 
In another series of experiments designated EPl-3 paralleling EQl-3 
similar results were obtained. 
EPl: 
Darco G60, Batch B treated as with EQl except that the steroids were 
eluted from the charcoal by a series of soxhlet extractions instead of the 
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Table XVI 
Silica Gel Chromatograms of Neutral Fractions 
Eluate 
EQl EQ2 EQJ 
mg. *% mg. ' mg. mg.*,% mg. mg.*, % 
Benzene 94 • .5 trace 90.9 0 96.0 0 
Benzene-Ethyl 4.8 2.7 10.2 3.3 9.4 0.8 
Acetate, 40:1 
Acetone 103.4 94.2 98.3 91.0 9.5.6 90.8 
11-fethanol 3.4 o.~ 2.7 o.s 7.8 0.7 
206.1 97.3 202.1 94.8 ~08.8 92.3 
EQl*** 
BT DNPH 
Table xvrr* 
iHt-Comparison of Number and Position of Zones in EQl-3, Paper 1 
E~3*** 
u.v. BT DNPH u.v. BT 
.:Ot.....,.._v_ EQ2'"''· 
DNPH u.v. 
·-
0-1.3 0-1.3 0-1.2 
2.8-3.7 2.4-3.5 2.6-3.1 2.5-3.7 3.1-4.0 1.8-3.8 
4.o-s.o 3.3-4.5 4.0-5.1 
6.3-7.5 5.5-6.8 6.4-7.8 
8.8-9.8 8.2-9.7 9.1-10.6 
10.5-14.0 10.5-13.2 10.6-14.8 10.4-14.9 10.7-13.3 1o.o-15.o 13.0-15.2 13.1-14.6 13.2-15.6 
15.8-17.1 16.7-18.1 15.6-17.2 17.2-19.1 
22.6-24.3 23.2-25.6 22.2-24.9 20. 7-22.~ 
26.3-off 28.5-off 25.0-27.1 
*values are given in em. from starting line. 
~~~he values for compound F (the standard in each case; determined by BT) are 10.8-13.2, 10.8-13.2, and 
12.2-15.1 for EQl, 3 and 2 respectively. 
~~*Eol and EQ3 were run on different arms of the s~1e sheet; EQ2 was run on a separate sheet. 
J 
Table XVIII* 
C,omparison of Number and Position of Zone s in EQl-3, Paper 2** 
EQl*** E~3**'A- EQl 
BT DNPH u.v. BT DNPH u.v. BT DNPH u.v. 
~ 
4.8-7.6 4.0-7.1 2.4-5.2 
11.6-14.1 9 • .5-12.3 11.6-11 • .5 9.1-12.8 10.8-18.8 12.2-17 • .5 11.7-19.0 
15.1-19.5 15.3-18.9 14.8-19.2 14 • .5-21.1 1.5.4-19.0 1.5 • .5-21 • .5 
23.3-26.8 24.0...;29.2 22.1-26 
I 
* V-alues are given in em. from starting line •. 
** The values for corticosterone (the standard in each case; determined by BT) are 22.6-2.5.31 
22.6-25.3, and 26 • .5-off for EQl, E~3, and EQ2 respectively. 
EQl and E~ were run on different arms of the same sheet, EQ2 was run on a separate sheet. 
column extraction at room temperature. 
EP2: 
Darco G60, Batch 8 treated exactly as with EQl. 
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Isopropyl acetate extraction performed exactly as in EQ3. 
Although the results obtained in these experiments parallel those 
in EQl-3 they cannot be expressed quantitatively however because for 
some unknown reason the recoveries according to radioactivity were in all 
cases greater than 100%. Thus, . we have: 
EPl 
EP2 
EP3 
mg.*% progesterone-4-cl4 equivalents 
130.0 
146.3 
14.5.3 
Assuming that EP2 and EP3 represent quantitative recoveries EPl is 
thus seen to be somewhat lower. Some possible explanations for the 
erroneously high values may be a small amount of highly radioacti. ve 
contaminant in the perfusate (possibly from a previous perfusion in the 
same apparatus) or a poor count on the standard plate. Thus, if the 
standard plate were actually to have a specific activity larger than 
measured due to a non-radioactive impurity of high weight having fallen 
on the plate before re-weighing and counting the observed recoveries would 
all be proportionally increased. In any event in order to use the results 
it must be assumed that the Brror is percentagewise equal in EPl, 2 and 3. 
As with the EQ results the number and position of zones on paper 
chromatography in EPl-3 responding to BT, DNPH, and u.v. were essentially 
the same. The zones of cortisol mobility were eluted and aliquots 
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assay ed for BT and FS. These results are presented in Table XIX. Further, 
aliquots of eluates of the silica gel chromatograms were similarly analyzed. 
The results of these determinations are presented in Table XX. The t otal 
residue weights in the charcoal procedures are seen to be lower th;:m those 
of solvent extraction. Although this is a desirable feature-' the FS and 
BT values must also be considered. If these determinations can be used 
as a measure of steroid content (and this appears to be a reasonable 
assumption) the solvent extraction clearly shows a higher recovery. The 
conclusion on the basis of this experiment is that the solvent procedure 
gives somewhat more background material but IJOre intact corticoid. 
Cortisone Isolation Experiment 
To corroborate the recently reported destruction of cortisone in 
charcoal an experiment was designed to compare the recovery of cortisone 
from the treated charcoal with isopropyl acetate extraction. 100 mg. of 
cortisone were dissolved in 10 ml. methanol and diluted to 1 liter with 
tap water at room temperature. The solution was then divided into 2 equal 
portions one of which was extracted by the Darco procedure and the other 
with isopropyl acetate. 
From the Darco extraction Batch C, KCN treated was used. The weight 
distribution recovered is as follow1s: 
Source 
1. acetone wash 
methylene chloride 
2. elution of Darco 
column 
methylene chloride 
3. extract of uns.dsorbed 
steroid 
methylene chloride · 
4. soxhlet 
Residue mg. 
13.0 
4.2 
Table XIX 
F. s. and BT Determinations on "F" 
Zone of Paper Chromatograms 
mg. per 1 liter perfusate 
F. S. BT 
EPl EP2 EP3 EPl EP2 EP3 
5.1~ 5.4 7.0 1.7 J.l 4.1 
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Table XX 
' EPl-3, FS and BT Values of Silica Gel Eluate Residues* 
-
EPl EP2 EP3 Eluate 
Res., mg. F .s., mg. B.T., mg. Res., mg. F .s., mg. B.T ., mg. Res., mg. F .s., mg. B.T., mg. 
Benzene 75.5 72.4 151.7 
Benzene-Ethyl 31.1 1.0 4.0 43.0 0.7 5.2 47.4 3.1 8.1 
Acetate (30-1) 
Acetone 105.0 15.9 15.7 95.6 20.8 17. 7. 98.0 23.2 19.9 
Methanol 3·7 0.2 0.03 4.0 0.3 0.6 12.6 8.9 1.5 
215.3 17.1 19.7 215.0 21.8 22.9 309.7 35.2 28.5 
*Results calculated for l liter (100 mg. progesterone-4-cl4) 
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From the first 2 of these combined were crystallized 
Crop lz.. 9.0 mg., m. 203-205° 
Crop 2, 3.7 mg., m. 205-207° 
Crop 3z 4.0 mg., m. ca. 200-220° 
A trace of ITI2. terial, m. 208-212° was also obtained from the unadsorbed 
fraction. The total recovery was thus some 33%. The soxhlet extract 
yielded no crystals. 
In the isopropyl acetate procedure the following recoveries were 
obtained: 
Crop 11 31.4 mg., m. 226-235° 
Crop 2, 8.5 mg., m. 213-217° 
Crop 3, 6.1 mg., m. 209-211° 
Total recovery 92% 
Considering the perfusion recovery studies, both the charcoal and 
solvent procedures appear to give almost quantitative recovery of 
radioactivity. Furthermore, the amount of extraneous material in the 
crude extract is small and most of this material can be separated from 
the steroids by partition into neutral and acid-ic fractions, and 
chromatography of the neutral portion on silb1:a gel. Concerning 
artifact formation, judging from the number and position of zones responding 
to the various tests employed, there is little difference. These criteria 
do not ho;.1ever determine, within large limits, the relative amount of 
material appearing as spots on a color test. 'Ihus artifacts might be 
formed in a particular method which would not have been detected in the 
experiments described. The experiments were designed to detect only 
gross differences in behavior. 
ill 
Pretreating the charcoal in the various ways described seemed to 
have relatively little effect on the results. It was, however, found 
that the steroids could be eluted from the charcoal at room temperat ure 
compared with the earlier procedure involving a series of extractions in 
a soxhlet apparatus at elevated temperatures. The final decision as to 
which method is superior was obtained from the cortisone recovery experiment 
which clearly demonstrated the destructive nature of charcoal to at least 
one of th e corticosteroids ( cortisone) and made the isopropyl acetate 
procedure the met hod of choice. 
CHAPTER VII 
Progesterone-4-c14 Perfusions 
112 
73 bovine adrenals (average weight 17.2 grams) were perfused rli th 
73 liters of bovine blood containing 5.114 grams of progesterone-4-cl4 
(1.467 millicuries/millimole) in 11 perfusions of eight discrete cycles 
each.* The extractions were performed in 4 liter batches by passing the 
hemolyzed (frozen and tha1-red) perfusate through a column containing 4-5 
liters of isopropyl acetate (ca. 10 em. i.d. x 55 em.) from 4 jets 
(ca. 3/4 mm. i.d. each) at an initial height of ca. 18 em. from the 
solvent surface with slow paddle stirring. The flm..r had to be 
intermittently stopped to allow adequate settling and tapping off of 
the blood at the bottom. Four such extractions were performed on each 
four liters of perfusate the first three of which were combined in a 5 
gallon pyrex bottle arranged as a separatory funnel with stainless steel 
propeller stirrer and the fourth of which was kept separate. The 
isopropyl acetate extracts were then washed with 1 x 300 and 1 x 200 ml. 
saturated saline for passes 1-3 and half these quantities for pass 4. The 
extracts were then concentrated in vacuo (water aspirator) with a con-
tinuous feed apparatus so that 15 liters were distilled in about 2 1/2 
hours l eaving an amber residue. The fourth pass was concentrated separately 
since in a pilot experiment it was found to contain only about 1% of the 
radioactivity. The saline wash of the isopropyl acetate extract was 
found to contain less than 1% of the radioactivity. 
Having thus obtained crude extracts, they were then partitioned into 
neutral and acidic fractions. These were performed in four batches as 
*These perfusions were performed by Mr. c. A. Fish at the Worcester 
Foundation. ~E. € 'P A Go E I'+ C. F o 'R G ~ EAT~ "R '"J> E I A"- • 
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follows: ERl, ER2-3, ER4-6 and ER7-ll. Crude silica gel chromatograms 
were then done on the neutral fractions from each of the above partitions. 
The eluates collected were benzene, acetone, and methanol. In the benzene 
fractions approximately half of the weight was removed with relatively 
very little radioactivity (based on earlier recovery studies). The acetone 
accounted for the other half of the weight \ somewhat less than 200% of the 
weight added) and almost all of the radioactivity (based on earlier 
recovery studies). A small amount of weight and radioactivity was also 
obtained in the methanol eluates. 
The acetone eluates from the first three perfusions (ERl-3) were 
then chromatographed on silica gel with a view toward removing the 
corticosterone and compound F (cortisol) present. 
Compound F (cortisol): 
Through repeated crystallizations and recrystallizations in the 
compound F region, (benzene-ethyl acetate, 5:1) some 270 mg. of material 
falling within the melting point range of compound F were obtained. Part 
of this was rechromatographed on silica gel for further purification. 
48 fractions were collected and those which spontaneously crystallized 
were divided into four combinations; the bulk at the center of the peak 
in one, the beginning of the peak into two and the end in another. 
Crystallization of the combinations; Pll-12, Pl3-l5, and Pl6-36, were 
successful but P37-43 was not. 
From Pll-12 there was obtained from a total of 12.8 mg., 1.8 mg., 
m. 207-215° which according to IR spectrum was not identical rdth 
compound F. I t has not been further investigated. 
From Pl3-15, total 35.3 mg. there was obtained 10.1 mg., m. 210-214° 
114 
This was tested for percentage of compound F by a procedure involving 
chromatography of an aliquot (250 ~g.) on a 1.5 em. strip of Whatman #1 
paper in t he toluene-propylene glycol system for 48 hours. The air dried 
paper (containing a standard of compound F on another limb of the same 
strip) was "spotted" under an u.v. lamp to locat e the ''F" zone. The 
mat er ial on the paper was then eluted (with methanol at room temperature 
for several minutes) into 3 zones as follows: 
1. more polar than trF" 
2. "F" zone 
3. less polar than F 
The vacuum concentrated residues were dried along with the overflow in 
an Abderhalden apparatus and of the total radioactivity recovered, the 
dist ribution is as follows: 
Zone 1 (more polar) 
2 ("F") 
3 (less polar) 
Overflow 
23.0 
32.2 
On the basis of this single determination assuming that the material in 
the " F" zone is compound F it appears that the material tested is not 
pure compound F. 
From Pl6-36 total 212.7 mg. there was obtained in crop 1, 132.7 mg., 
m. 212-218° which was tested similarly (on a 0.2 mg. aliquot) for 
percentage of compound F. The results obtained were: 
Zone 1 (more polar) 
2 ( "F") 
3 (less polar) 
Overflow 
3.6% 
89.l 
2.9 
ll5 
It is thus seen from a comparison of the trend in going from Pll-12 through 
Pl6-36 that of the impurities present the bulk seem to be less polar than 
J 
compound F. 
Further crystallizations were done in ERl-6 including the previous 
material tested for purity. These resulted in 247.1 mg. Batch A, 
m. 219-223° whose IR absorption spectrum was identical with that of 
authentic compound F. The tests of purity using the paper chromatography 
technique (vmatman #1 paper, chloroform-formamide; 22°C.; 10 hours) were 
reinforced in these determinations by the use of autoradiographs of the 
papers on Eastman Kodak medical x-ray film. 
Based on the work of Fink, Dent, and Fink (F5) who used film to 
locate radioactive substances on papergrams, and Benson, et al. (B20) who 
estimated that 15,000 disintegrations/minute/sq. em. yielded a satisfactory 
exposure in 3-6 days, the following procedure was employed. 
The papergrams were pressed with a sheet of the x-ray film in an 
x -ray casette f or varying lengths of time depending upon the amount of 
radioactivity in a given area. The negatives* were then used as maps to 
locate radioactive zones. Thus the various sections of the paper 
chromatogram were cut according to the 6 hour x-ray film pattern and the 
radioactivities of the eluted zones determined. The results of three 
determinations are given in Table XXl. 
In all of these papergrams only one u.v. absorbing zone was observed 
* The negatives were kindly developed by Mrs. Ryder at the Worcester 
State Hospital, X-ray Department. 
Table XXI 
Purity of Compound F, Batch A 
Chromatogram .l Chromatogram B Chromatogram C 
Distance from % Total Distance from % Total Distance from % Total 
origin, em. radioactivity origin, em. radioactivity origin, em. radioactivity 
0 
- 15 1.3 0 - 15.5 1 • .5 0 - 15 • .5 1.7 
1.5 - 24 • .5 9.5.3 1.5 • .5- 20 • .5 94.4 1.5 • .5 - 19 • .5 92.7 
24 • .5 - 31 o.6 20 • .5- 31 2 • .5 19 • .5 - 31 1.2 
overfl01-1 3.1 overfl01-1 1.6 overflow 4.4 
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when examined under an u.v. lamp. 
When x-ray film was exposed to papergrams B and C for 6 hours, only 
one dark zone was observed on the film. When the film was exposed to 
papergram B for 50 hours, three zones more polar and one zone less polar 
than F were noted. The various sections of the paper chromatogram were 
cut according to the x-ray film pattern and the radioactivities determined. 
These results are summarized in Table XXII. 
·When x-ray film was exposed to papergram A for 6 and 9 hours the 
"F" zone consisted of 2 distinct zones. Furthermore, strips of papergram 
A showed 2 spots when tested with BT. On the basis of this determination 
the relatively high purity of the sample tested was seriously in doubt. 
For several reasons hov1ever it is felt that this separation was an 
artifact of the paper chromatogram. These are as follows: 
1. Hultiple spots have previously been reported for certain 
substances even when pure (H20). 
2. Of seven papergrams of this substance (5 with chloroform-
formamide and 2 with toluene-propylene glycol) this phenomenon occured 
only once. 
3. The percentage of total radioacti vity in these spots are 27.6 
and 67.7% respectively. Had the former been an impurity it it likely 
that the IR spectrum vmuld have been sufficiently altered to detect a 
difference from authentic compound F. 
Furthermore, rechromatography of the combined 2 spots in an 
identical manner with the first resulted in only one spot in the "F" 
zone. Another spot however appeared near the starting line on either 
6 or 45 l/2 hour expoBure to x-ray film. The distribution of radio-
Table XXII 
Detailed Radioactivity Study of Papergram B 
(SO hour x-ray exposure) 
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Zone Effect on x-ray film* Distance from % Total 
1 
2 f, 
3 
4 + 
5 
6 + 
7 
8 ( ltF'l) ++++ 
9 
10 + 
overflow 
~(-
+ slight darkening of film 
++++ intense darkening 
- no darkening 
origin, em. Radioactivity 
0 
- 1.5 0.3 
1.5 2 0.1 
2 
- 4.5 0.2 
4.5 - 7 0.2 
6 - 11 0.2 
11 - 12.5 0.3 
12.5 - 15.5 0.1 
15.5 - 20.5 94.3 
20.5 - 30.5 0.2 
30.5 - 31 2.3 
1.6 
activity is as follows: 
em. from start in 
0 
-
1.5 
1.5 - 8.0 
8.0 - 13.0 
13.0 - end 
over.flow 
line % Radioactivity 
11.6 
1.0 
78.3 
1.3 
7.8 
ll9 
Another rechromato gram of the liFtt zone from this papergram resulted in 
the follo-vring distribution: 
em. from starting line % Radioactivity 
0 2.5 3.0 
2.5 - 14.5 1.1 
14.5 - 24.0 86.7 
24.0 end 2.7 
overflow 6.5 
In another experiment the 11F11 zone from papergram C was rechromatographed 
twice with the following results: 
% Radioactivity 
Initial First rechrom. Second rechrom. 
pre 11Fil-zone 1.7 6.1 4.5 
11 F11 -zone 92.7 85.5 84.6 
post 11F 11 -zone 1.2 0.5 2.6L~ 
overflow 4.4 7.9 8.25 
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It t hus appeared that destruction of compound F was taking place 
during the test of purity. In every chromatogram after the original, 
considerable radioactivity appeared at the starting line as well as in 
the overflow. These data suggest therefore that the destruction takes 
place at some point during the drying or elution of the original 
chromatogram. Similar results with radioactive steroids have recently 
been published which are in agreement with these findings (Sll~ ). 
To see whether part of what is considered impurity according to 
paper chromatography is actually compound F, the overflo,.I of papergram j., 
1-1hich had 3.1% of the radioactivity, was re-papergraphed on a 0.5 em. 
strip under the same conditions. The overflow of this chromatogram had 
only 57% of the applied radioactivity. Further, an autoradiogram disclosed 
t wo zones on the paper; one at 0.5-1 em. and the other at 23-29 em. (The 
latter appeared on a 6 hour exposure to x-ray film whereas the former on 
37 1/2 hour exposure). The spot at 23-29 em. is of F-like or only 
slightly greater mobility. Its appearance suggests that some of the 
compound F may have been carried along more rapidly than the bulk of the 
material in the first chromatogram. 
The conclusion from the above radioactivity data is that the sample 
tested is 92.7-95-3% pure and that limitations of the method prevent more 
accurate determination. 
Corticosterone: 
By crystallization of appropriate fractions (benzene-ethyl acetate, 
10-1, 6-1) 245.5 mg. of crude corticosterone was obtained from ERl-6 
(2731 mg. progesterone-4-c14). The solid was subjected to multiple 
recrystallizations from ethyl acetate for further purification. All of 
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the corticosterone obtained in these perfusions up to this point were 
needles rather than the typical corticosterone prisms previously seen. 
These needles melted in the range 174-179° compared with 180-185° for 
the prisms. Testing according to the paper chromatographic-radioauto-
graphic technique yielded the following results. 
Region 
more polar than corticosterone 
corticosterone 
less polar than corticosterone 
overflovl 
% Radioactivit 
7.8 
90.0 
0.4 
1.8 
It was felt at this point that large losses which had been taken in 
the purification processes could be avoided if the prism form of 
corticosterone could be obtained. To achieve this a non-radioactive 
seed of corticosterone was used to induce the higher melting, less 
soluble form. From these crystallizations there were obtained crop 1, 
113.5 mg., m. 184 1/2-188 1/2° and crop 2, 34.2 mg., m. 176-186°. 
Paper chromatographic testing gave the following results: 
% Radioactivity 
Region Crop 1 Crop 2 
more polar than corticosterone o.8 1.6 
corticosterone 95.7 92.3 
less polar than corticosterone 0.8 2.0 
overflow 2.7 4.1 
It thus appeared that crystallization in the prism form removed 
more impurities than the needle form. 
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From ER7-ll there was obtained by multiple crystallization and 
recrystallizations along with material from ERl-6 more corticosterone, 
258.0 mg., m. 180-186°. Paper chromatographic analysis of two aliquots 
of this material showed the following results. 
% of Radioactivity 
Zone Aliquot l Aliquot 2 
more polar than corticosterone 1.0 1.2 
corticosterone 96.2 95.7 
less polar than corticosterone 1.8 2.1 
overflow 1.0 l.O 
The corticosterone is thus about 96% pure according to this method of 
determination. 
Crystallizations and recrystallizations of samples of compound F 
from ER7-ll with others from ERl-6 led eventually to two batches: 
Batch B, 285.9 mg., m.p. range 215-223° 
C, 145.7 mg., m.p. range 202-219° 
An average of 4 determinations of purity of each sample was found to be: 
Batch 
B 
c 
% Radioactivit 
91.9 
93.6 
These samples appear to be somewhat less pure than Batch A. 
Since great difficulty was encountered in purifying samples of 
corticosterone and compound F the mother liquors of the crude crystallizations 
were combined (total residue 1.3623 grams) for rechromatography on silica gel. 
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Before preceding however a pilot papergram on 30 mg. was done to give a 
rapid picture of the nature of the mixture. Examination of the papergram 
under U.V. light showed many absorbing zones. That corresponding to 
compound F was eluted and crystallized to yield 1.3 mg., m. 180-185°. 
One recrystallization yielded 0.8 mg., m. 212-216° identical in IR 
spectrum with authentic compound F. Thus from 30 mg. of mixture was 
obtained about 1 mg. of compound F. Calculated back to the total there 
is at least 46 mg. of compound F remaining. 
At this point instead of chromatographing the total charge, a 50 mg. 
aliquot was chromatographed on silica gel using 1000:1 ratio of silica 
gel to charge instead of the usual 60-100:1. This column resulted in the 
isolation of 1.6 mg. of a substance, m. 194-196° which showed hydroxyl 
(2.84 ) conjugated carbonyl (6.oo, 6.15 f ) and pentacyclic carbonyl 
(5.77 ) in the IR absorption spectrum. Since 11~-hydroxylation is common, 
the spectrum was immediately compared with that of authentic 11~-hydroxy­
~4-androstene-3,17-dione (m.l99-201°) and found to be identical with it. 
The specific radioactivity of the isolated sample has not been determined 
although the monitor shows to be highly radioactive. No further crystals 
were obtained from this chromatogram and the remainder of the material has 
not yet been further studied. 
From ER7-ll which consisted of almost half of the total perfusate 
a.nd which yielded large amounts of corticosterone and compound F other 
compounds were also identified. The$e include: allopregnane-3,20-dione, 
allopregnane-17a-ol-3,20-dione, l7a-hydroxyprogesterone and 11~-hydroxy­
progesterone. 
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Allopregnane-3,20-dione 
From a total of 56.6 mg. were obtained 9.2 mg. of a crystalline 
substance, m. 193-195°. Recrystallization of this substance yielded a 
sample, m. 203-206°, identified as allopregnane-3,20-dione by IR spectra 
comparison. 
!llopregnane-17~-ol-3,20-dione 
From a total of 325.5 mg. were obtained 4.5 mg. of a substance, 
m. 253-260° after two recrystallizations of material of much lower melting 
point. The IR spectrum of this substance was identical "With that of 
authentic allopregnane-17~-ol-3,20-dione. 
l7a-Hydroxyprogesterone 
From a total of 59.0 mg. were obtained 7.9 mg. of a substance, 
m. 210-222°. Recrystallization yielded a sample, m. 218-221° whose IR 
spectrum was identical with that of authentic 17~-hydroxyprogesterone. 
11~-Hydroxyprogesterone 
From a total of 32.6 mg. were obtained 9.5 mg. of a substance, 
m. 184-187°. Recrystallization yielded a sample, m. 185-187° whose IR 
spectrum was identical with that of authentic 17a-hydroxyprogesterone. 
A further chromatogram was run on the combined acidic fractions of 
ERl-11 and no crystals were obtained. 
CHAPI'ER VIII 
Discussion and Conclusions 
12.5 
In the course of this research one of the problems encountered was 
to select a method for the isolation of steroids from blood. Since the 
charcoal procedure originally appeared to be satisfactory on the basis of 
experiments on the quantitative recovery of st eroids from perfusates 
(performed before this research), it was used in the earlier part of this 
research. Subsequent studies however, uncovered several disadvantages. 
Among the disadvantages reported were that certain corticosteroids were 
either destroyed or incompletely recovered during the procedure. The 
problems were therefore t o reinvestigate the total recovery of steroids 
from the perfusates using the charcoal procedure, to study the destructive 
nature of charcoal on corticosteroids, to attempt to reduce this destruction, 
and to evaluate other methods reported. One approach toward reducing the 
destruction of corticoids on the charcoal was to elute the steroids from 
the charcoal countercurren:tly at room temperature, compared •vi th extraction 
in a soxhlet apparatus at elevated temperatures. Another approach was to 
pretreat the charcoal in various ways to attempt to reduce catalytic sur-
faces. These were: l. KCN, 2. KCN and acetone, 3. versene (a chelating 
agent). 
Another method for extracting steiUids from blood reported during the 
early part of t his research was the use of a column of isopropyl acetate 
through which the perfusate was forced under nitrogen pressure from capillary 
jets . The method was reported to result in almost quantitative recoveries 
of steroids with only a small amount of extraneous material extracted from 
the blood. The isopropyl acetate procedure appeared to have merit and the 
plan of the research was therefore to compare this procedure with the 
various modifications of the charcoal procedure. 
126 
To obtain this comparison, two progesterone-4-e14 perfusions 11ere 
performed and each divided into portions which were extracted by the 
various proposed procedures. The comparison included total recovery of 
radioactivity, total residue, behavior to crude chromatography on silica 
gel to remove non-radioactive background material extracted from the 
blood, effect of partition into neutral and acidic fractions, amount of 
formaldehydogenic substance (on periodate oxidation), and number of zones 
appe aring on paper chromatography of the residues. 
On the basis of the results obtained it appeared that pre-treating 
the charcoal in the various ways described had relatively little effect on 
the results. Furthermore it 1..-as found that the steroids could be eluted 
from the charcoal at room temperature. Since it appeared that the 
modified charcoal procedures were not causing significant amounts of 
destruction to the steroids in the perfusates a final experiment was 
performed to compare the crystalline recovery of cortisone following the 
charcoal procedure and the isopropyl acetate procedure. This experiment 
was performed since it had been reported that using the charcoal procedure 
with elution of the steroids at elevated temperatures in a soxhlet 
apparat us, a low crystalline recovery of cortisone was obtained. 1he 
results of this experiment 1..J'ere a 33% crystalline recovery using the 
charcoal procedure compared with a 92% crystalline recovery using the 
isopropyl acetate procedure. Based on these results it was clear that 
the isopropyl acetate procedure was superior. 
Having extracted the steroids from the perfusates the next problem 
was to resolve the mixture into its various components. Similar mixtures 
had previously been partially separated using adsorption chromatography 
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on silica gel. In the earlier part of this research the latter method was 
used and resulted in the isolation and identification of several other 
components which had not been identif ied earlier. 
Further ~omrk using this technique showed that the mixture could not 
be resolved any further. Other methods were therefore sought and the 
method chosen was partition chromato graphy on Celite, a diatomaceous 
earth. After performing pilot experiments on the resolution of mixtures 
of cortisone and cortisol, the procedure was applied to the mixtures of 
steroids obtained from the perfusates. This resulted in almost unbelievable 
separations, and many other components were identified. It was therefore 
clear that partition chromatography on Celite was far superior to adsorption 
chromatography on silica gel in its capacity to resolve these mixtures. 
Another problem encountered in tPis research was the determination 
of purity of substances isolated. For purposes of identification, it was 
not necessary that components be 100% pure since the methods used frequently 
could not detect impurities up to several percent. Thus the infrared 
spectrum of a substance which contains a very closely related impurity, 
in amounts as high as perhaps 1)%, need not necessarily be significantly 
altered from that of the "pure" substance. Similarly, the melting points, 
ultraviolet absorption spectra, molecular rotations, and elemental 
analyses are frequently inadequate in detecting impurities. A very valuable 
additional tool that has been used in this research is paper chromatography. 
By chromatographing a sample of the substance on paper one can frequently 
detect impurities present in quantities as small as 1%. This is of course 
possible only if the impurities respond to the color te sts used in 
detecting the impurities. wben used with radioactive substances the method 
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may be made more sensitive by determining the radioactivity of the regions 
not corresponding to the desired component. A limitation of this method 
ho1oJever, is that the impurities may not be radioactive and would therefore 
not be detected. Furthermore, some decomposition of the substance being 
tested may be occuring during paper chromatography and control experiments 
are frequently necessary. 
One further difficulty encountered concermed the purity of reference 
standards received from other laboratories. A dramatic example of this 
difficulty appeared with the isolation of chloromycetin from these 
perfusates (an added antibiotic). Comparison of the infrared spectrum of 
the isolat ed sample with that of an "authentic" sample (identical 1-Jith the 
material added to the perfusate) showed them to be significantly different 
(although very similar in some respects). The melting points of the two 
samples -vmre almost identical and there was no significant depression of 
melting point on ad.m:Dcture of the two samples. 'VJhen the "authenticn 
sample was recrystallized however, the infrared spectrum was found to be 
identical with that of the isolated sample. Thus, the chloromycetin added 
to the perfusions performed at G. D. Searle Co. was highly impure. 
Since this research project had as one of its objectives the 
identification of transformation products of progesterone on adrenal 
perfusion, the nature of a transformation product must be defined. In 
order to be certain that a substance isolated from a perfusion medium is 
a metabolite of progesterone brought about by the adrenal gland several 
possibilities must be eliminated. Among these are whether the isolated 
compound was present in blood alone, whether the compound was formed as 
a transformat i on product of progesterone (or of a metabolite of progesterone) 
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in blood alone, whether the compound was present in the adrenal or is a 
transformati on product of one of these compounds, whether the compound is 
present as an artifact, that is, a compound formed during some part of 
t he isolation procedure such as the extraction or fractionation or whether 
t he compound was formed from an impurity in the progesterone. 
Regarding the question of artifact formation there are no rigorous 
rules whi ch can be set up. However, the decision as to whether or not a 
substance is an artifact or not frequently depends on whether known 
substances would under the conditions employed be transformed to that 
particular substance, and also on analogy with other chemi cal and 
biochemical knowledge. Thus ~9 (ll) steroids isolated from urine studies 
after acid hydrolysis are presumed to have arisen from the corresponding 
11~-hydroxy steroids as artifacts, 3-chloro steroids isolated from the se 
same hydrochloric acid hydrolyses are presumed to have arisen from the 
corresponding 3-alcohols, and D-homo steroids are presumed to have arisen 
from the corresponding 17a-hydroxy-20-keto steroids. That some of these 
so called artifacts however are open to question is suggested by the work 
of Lieberman and Dobriner (18) ~o were able to isolate the same 
3-chloro steroid after hydrolysis with either hydrochloric or sulfuric 
acids. 
Concerning those steroids which are present in blood alone, only 
corticosterone and cortisol have thus far been identified in bovine adrenal 
venous blood using paper chromatographic methods (Nl). Furthermore, this 
was after stimulation lvith ACTH. Whether some of the "metabolites" of 
progesterone are actually present in blood to some extent can not be 
stated with certainity. Were this actually the case, the results would 
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not be surprising since if these substances isolated are normal secretory 
products of the adrenal they would be expected to be present in blood. 
Some control experiments shed further light on this matter. Circulating 
citrated blood containing progesterone-3-c14 through the perfusion 
apparatus without gland for 3 hours followed by the Darco procedure for 
extraction of the blood and then chromatography on silica gel and 
crystal lization resulted in a 62% crystalline recovery of progest erone (L4). 
With 17a-hydroxyprogesterone and DOC there were crystalline recoveries of 
72% and 64% respectively. Although 100% recovery cannot be expected from 
these experiments, it appears that some of the steroids have been modified 
in one way or another and the nature of these changes is not known. 
Comparing these values however with the recoveries in the progesterone-4-cl4 
perfusion where there was approximately a 33% crystalline recovery of 
solids in the corticosterone to cortisol range, there is an obvious 
difference which can, with reasonable certainty, be attributed to the 
adrenal action on progesterone. Determination of the specific radio-
activity of all of the "metabolites" from the radioactive perfusion will 
illuminate the question of the relative amounts of transformations. 
It was mentioned earlier that from the adrenal extract were isolated 
29 steroids, of which some were biologically active and some were not, 
that various attempts had been made to l ea rn metabolic relationships 
among these and other steroids, and that there still remained numerous 
unans-vmred que stions, many of >vhich concer ned possible other hormones 
present. On the basis of various in vivo and in vitro studies 
progesterone appeared to be a possible intermediate in the synthesis of 
some of the adrenal cortical steroids. Earlier work on adrenal perfusion 
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of progesterone had in fact led to the isolation of corticosterone, 
cortisol, 11~-hydroxyprogesterone and 17~-hydroxyprogesterone in addition 
to three steroids reduced in ring A· Since it was demonstrated that 
progester one did lead to adrenal cortical hormones apparently through a 
step1nse hydroxylation process, it appeared very possible that other 
hormones normally present in trace amounts might be synthesized 
"a.rtificially" in the gland through an induced overproducti on. V.Jhether 
this "induced overproduction" represents transformations that occur 
normally in the intact animal can hardly be answered from a study of an 
isolated perfused organ. q;uestions concerning vlhether the perfused organ 
are "dead or ali ve 11 are similarly inconsequential. That which may be 
obtained however from a perfusion study of this type are possible 
ES 
in vivo metabolic process which may then be tested by entirely differ ent 
-- ---- ~ 
co'nditions. 
Thus, the purpose of the project was to look for hormones or 
hormonal activities, to look for intermediates in the synthesis of these 
substances and other trace substances and to att empt to correlate 
identified substances into an overall metabolic scheme consistent with 
other knm-m studies. 
In the introduction was presented a proposed sequence of events of 
corticosteroid metabolism based on perfusion studies with the bovine 
adrenal. It was mentioned also that Levy, et al. (19) had later modified 
the scheme to one based only on products identified from adrenal perfusates 
and on apparently necessary intermediates. This scheme is now presented 
in Figure 6. Having this modified proposal, the problem is to see whether 
the products identified in this research aan be accommodated in this 
0 
.. . 0 \-\ 
' 
* Figure 6. Proposed Scheme of Corticosteroid Biosynthesis Based on Adrenal Perfusions 
*The compounds immediately following the broken arrows were not crystallized. 
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sche~e or whether the scheme must be further modified. A list of these 
compounds is presented in Table XXIII. Those steroids which vlere 
isolated from the progesterone-4-c14 perfusates as well as the non-radio-
active perfusates are followed by a single asterisk; steroids isolated 
from only the non-radioactive perfusates are not followed by an asterisk. 
~4-androstene-llp-ol-3,17-dione, isolated thus far from only the 
progest~rone-4-c 14 perfusates, is follo-v;ed by two asterisks. 
In the proposed scheme there are two broken arrows which indicate 
that the products immediately follo-vung the arrows had not yet been 
crystallized. These substances are 11-desoxycorticosterone and l?a-
hydroxy-11-desoxycorticosterone. From the array of compounds isolated 
from the large scale progesterone perfusion the latter compound has been 
identified. This therefore substantiates the prop~sal that 17a-hydroxy-
11-desoxycorticosterone is an intermediate in the synthesis of cortisol 
from progesterone. The second substance immediately follow~ng a broken 
arrow, DOC, has not yet been isolated from these perfusates. A possible 
explanation for this is its facile conversion to corticosterone. 
The remaining problem is to attempt to account for the other products 
which have been isolated. One of these is 6p-hydroxyprogesterone and 
another is ~4-pregnene-17a,21,6p-triol-3,20-dione. The significance of 
the isolation of these 6-hydroxylated steroids is not yet known. Ho-vmver, 
Haines (H29) reported earlier the 6~-hydroxylation of DOC after incubations 
with hog adrenal brei. Murray and Peterson (1'13..4) have reported that the 
6~-hydroxyl group confers significant glycogenic activity (01) on DOC 
whereas Dorfman and Dorfman (DlO) have found that the 6~-hydroxyl renders 
inactive the androgen ~4-androstene-3,17-dione. The steroiaf oxygenated 
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Table XXIII 
List of Steroids Identified from these Perfusates 
1. progesterone 
2. ~4-pregnene-20~-ol-3-one 
3. allopregnane-3,20-dione* 
4. allopregnane-3~-ol-20-one 
5. allopregnane-17~-ol-3,20-dione* 
6. allopregnane-3~,17a-diol-20-one 
7. 17~-hydroxyprogesterone* 
8. 11~-hydroxyprogesterone* 
9. ~4-androstene-11~-ol-3,17-dione** 
10. 6~-hydroxyprogesterone 
11. 17a-hydroxy-ll-desoxycorticosterone 
12. corticosterone* 
13. 19-hydroxy-11-desoxycorticosterone 
14. 17a-hydroxycorticosterone-lt-
15. allopregnane-3a,l7a,ll~,21-tetrol-20-one 
16. ~4-pregnene-6~,17a,21-triol-3,20-dlone 
17. allopregnane-3~,17a,ll~,21-tetrol-20-one 
18. ~4-pregnene-17a,l9,21-triol-3,20-dione 
*Isolated from the progesterone-4-c14 perfusates as well as the 
non-radioactive progesterone perfusates. 
~~Isolated from only the progesterone-4-cl4 perfusates. 
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at the 6~ position are of further interest in that follo~~ng the 
administration of cortisone, in addition to the isolation of 6~-hydroxy­
cortisol from the urine of guinea pigs (BlS) it has recently been found 
in human urine (Bl6). Those isolated earlier were of the 6~ configuration 
(17). There does therefore seem to be some general order or arrangement 
since from completely different sources are isolated the same type of 
compound. 
The isolation of 19-hydroxy-11-desoxycorticosterone from these 
progesterone perfusates represents the first demonstration in any 
in vivo and in vitro system of a 21 carbon steroid hydroxylated at C-19. 
Simultaneous with this demonstration, Meyer (Ml8, 19) identified 
19-hydro:x:y-!:14-.:mdrostene-3,17-dione follovring the incubati on of !:14-<mdrostene-
3,17-d~one with bovine adrenal homogenates. Shortly thereafter, another 
compound isolated from these perfusates was identified as l:l4-pregnene-17a, 
19,21-triol-3,20-dione. The identification of this latter substance was 
achieved by oxidation of the unknown substance with sodium bismuthate 
follo1-red by the isolation of 19-hydroxy-!:14-androstene-3, 17-dione from the 
reaction mixture. 
\ihen l:l4-pregnene-17a,l9,21-triol-3,20-dione was first isolated from 
these perfusates and a sample submitted for sodium retention bioassay it 
was found to be considerably more active than DOC. This of course, 
stimulated a considerable effort toward elucidating the structure of the 
unknmm substance isolated in trace amounts. Ironically enough, aft er the 
compound wa s identified and another sample assayed, the activity had 
disappeared. It now appears that an extremely active impurity was present 
in the sample assayed originally. In each case the assay was repeated a 
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sufficient number of times to insure beyond a reasonable doubt that 
significa.nt results had been obtained. 
Although the melting point ranges of the two samples submitted were 
identical, each sample had been purified differently. The first was 
crystallized directly from the silica gel eluates and recrystallized twice 
to obtain constant melting material. The second sample was obtained from 
a partition column chromatogram on Celite of some less pure samples of the 
unknown substance. Apparently, the latter procedure was more efficient in 
removing impurities than the former. 
The hypothesis that a trace impurity caused the activity is now being 
tested by assaying some of the mother liquors of the purified sample. 
An interesting side issue to the finding of 19(0H) DOC is the recent 
report that 19-nor DOC (Sl6) is approximately twice as active in sodium 
retention assay as DOC. It remains to be seen whether an in vivo 
relationship bebreen these two compounds >vill be found . Further related 
facts are that 19-nor 'testosterone is almost as active as testosterone 
(vn) as an androgen, that 17a methyl-19-nortestosterone (DB) is the most 
potent progestational hormone knovm, and that 19-norprogesterone (D7) is 
4 to 8 times as active as progesterone. In conclusion the 19-nor compounds 
are of the order of activity of the parent compound and in some cases much 
more so. It is possible that 19-hydroxylation is an intermediate in the 
removal of the angular methyl group at C-10 as in the formation of 
estrogens . 
It appears also that the stereochemistry at C-10 is critical since 
an earlier prepara.tion of 19-nor DOC acetate (El), possibly an isomer at 
C-10 of the product of the more recent synthesis (816), lvas reported to 
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be inactive as an electrolyte regulator. Synthesis of some of the 
remaining 19-nor adrenal cortical hormones has recently been published 
(Z4). 
Several other naturally occuring steroids with hydroxyl at C-19 are 
also known (B21, S24). 
The isolation of 64-androstene-11~-ol-3,17-dione following adrenal 
perfusion with progesterone~4-c14 is among the first direct indications 
of a C-21 steroid transformed into a C-19 steroid. Meyer (M2), has 
obtained some evidence that adrenosterone (84-androstene-3,11,17-trione) 
is formed in trace amounts following adrenal perfusions with cortisone. 
Admittedly, the yield of the crystalline C-19 steroid isolated from these 
perfusates is very low, ca. 1%. Furthermore, the specific radioactivity 
of the substance isolated has not yet been determined. However, solvent 
extraction (isopropyl acetate) was used in the perfusions from which this 
substance was isolated rather than the charcoal procedure in which side 
chain cleavage has been intimated. This mild treatment would not be 
expected to result in the side chain cleavage as an artifact. In any case, 
the C-19 steroid appears to have been formed from progesterone and would 
be consistent with a general scheme involving cholesterol as a possible 
precursor to the adrenal cortical hormones, the androgens and the 
estrogens. Since acetate has been shown to go to the adrenal cortical 
hormones there appear however to be more than one pathway. Further evidence 
for the relationship of cholesterol to the C-19 steroids was obtained with 
the aemonstration of zones of mobility on paper chromatography corresponding 
to 84-androstene-3,17-dione, 84-androstene-3,11,17-trione and 64-androstene-
11~-ol-3,17-dione in ACTH stimulated bovine adrenal perfusates (Bl2). In 
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control studies using no ACTH these zones did not appear. 
Finally, Bush (Bl7) has found paper chromatographic evidence of 
t his substance in dog adrenal venous blood an:l this therefore is additional 
evidence that 64-androstene-11~-ol-3,17-dione is a normal adrenal secretory 
product . 
Those compounds isolated which remain to be accounted for are five 
reduced in ring A and one reduced in the side chain. These are: 
1. allopregnane-3,20-dione 
2. allopregnane-3p-ol-20-one 
3. allopregnane-3~,17a-diol-20-one 
4. allopregnane-l?a-ol-3,20-dione 
5. allopregnane-3a,l7a,llp,2l-tetrol-20-one 
6. 64-pregnene-20p-ol-3-one 
Of these 6 steroids the first, third and fourth had previously been 
identified (13); the second, fifth and sixth were identified in the 
present research. Of the 5 reduced in ring A the allo configuration at 
c-5 has been formed and of those with hydroxyl group at C-3 the only one 
>·lith an a configuration is the fifth. It is . interesting that this 
substance, allopregnane-3a,l7a,llp,21-tetrol-20-one is the only one of the 
13 steroids isolated from the adrenal with hydroxyl at C-3 which is in the 
a-configuration. No explanation of this finding is as yet available. 
Similarly, with the reduction of progesterone to 64-pregnene-20~-ol-3-one, 
no explanation is available as to its significance. Among the possibilities, 
however, as with the other steroids isolated from these perfusates which 
have not as yet been found to be biologically active, are the following: 
a. these substances are active in some other assays not yet known, b. that 
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they are intermediates in tl1e synthesis of other compounds in the adrenal 
or other part of the body which are active, c. that they are formed under 
stress or pathological condi ttons, or other disorders, d. that they are 
formed as a result of an inactivating mechanism of the body to remove 
excess of parent substance, e. that they are artifacts of the perfusion 
or isolation procedure. 
The following chart illustrates di agramatically all of the positions 
on the progesterone molecule w~ich have become hydroxylated through 
adrenal perfusion of progesterone. 
The heavy lines at asymmetric centers represent the ~ configuration and 
the dotted line the a. configuration. It is interesting that the 11~ and 
6~ hydroxyl have the axial (Bl8) configuration and the bile acids which 
have hydroxyls at 7(~) and 12(~) are also axial. Thus, of the secondary 
alcohols in these natural steroids, all have the axial configuration 
which is the thermodynamically less stable forms. The significance if 
any of this relationship is not yet known. In microbiological oxidations 
this relationship does not hold since hydroxylations have been shown to 
occur at the following positions: 6~, 7!3, 8, lla., 11~, 14a, l6a, 17a, and 
21, of which the lla and 7~ are equatorial. The 6~, 17a, and 21 do however 
bear a sharp resemblance to the adrenal perfusion transformations. 'Ihese 
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microbiological oxidations have been reviewed recently (W6, D2, P34) . 
The microbiological work has not been primarily based upon metabolic 
studies but rather on attempts to prepare adrenal cortical hormones 
inexpensively and can at present compete favorably at least in certain 
steps with any purely chemical synthesis. 
In the early work on the perfusion of DOC to obtain corticosterone 
o~TAI ~ 
and Reichstein's SubstanceS to Kendall's compound F (cortisol) it did 
~ 
appear also that perfusion might be a commercial method of preparing 
cortisone and cortisol. The demand for these substances at the time 
in view of their recently reported therapeutic value (H21) was far greater 
than the supply from other sources. It is now of course clear that 
perfusion cannot compete commercially with microbiolo gical and chemical 
methods unless some modification is introduced to permit a greater 
specifici~. ~Jrthermore, the relative lack of adrenals and the rather 
complicated procedure are limiting factors. 
Appendix 
1.41 
Perfusion Technique 
In essence the perfusion apparatus has been described earlier by 
Hechter, et al. (Hl4j 15) and is represented schematically in Figure 7. 
Compressed air is rendered pulsatile by means of a rotating valve and 
directed onto a rubber finger cot which expands and thereby forces blood 
through the upper check valve. On the release of pressure contraction 
of the expanded rubber causes blood from the perfusion reservoir to be 
drawn into the evacuated area which on the next compression is again 
forced through the upper check valve. In this way blood is continuously 
brought to the upper reservoir from where by gravity flow it perfuses 
the adrenal which has previously been lacerated to increase flow rate. 
It is to be noted that perfusion is carried out via the adrenal vein 
rather than the artery and non-pulsatile flow through the gland is used. 
In some of the earlier work of Hechter, et al. (Hl5), arterial perfusion 
and pulsatile flow were used but later abandoned due to manipulative 
difficulties and the demonstration of more favorable results by the present 
method (Hl5). Among the difficulties encountered in arterial perfusion 
were low flow rate, frequent rupture of gland and difficulty in 
cannulating the artery (inserting a tube into the artery to complete the 
circuit). 
The glands were obtained after the animals had been stunned, bled 
out, skinned and eviscerated, approximately 15-30 minutes after 
exsanguination. They were then taken to the laboratory (about 30 minutes 
away), chilled under citrate-saline solution, cannulated, lacerated to a 
depth of l-2 mm. vlith a razor and washed out with citrate-saline solution. 
Whole blood was collected from the severed neck vessels of stunned cattle 
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and diluted with 15% cv · Jv .) of a solution of hydrated sodium citrate 
(0.206%), citric acid (0.78%) and glucose (5 . 0%). 100, 000 units of 
penicillin G and )00 mg . streptomycin 1-Jere then added to 3• 7 l iter of 
mixture . Before perfusion of the adrenals, the bl ood in some experiments 
~va s filtered through rat livers (Hl5) in the perfusion apparatus to remove 
solid foreign material which later coul d cause obstruction. In l ater 
experiments noradrenaline 0 . 75 mg./1 . was sub s titut ed for liver fil t r at ions 
(found by Fish (F2) to sufficiently increase the flo1v rate to abandon l iver 
filtrations) . 
After oxygenation of the bl ood for 1-2 hours the steroid was added 
to the medium (concentration 70- 1)0 mg . / l iter ) dissolved in a minimum 
amount of propylene glycol al ong with terramycin (concentration 5 m . /liter) 
and the perfusion started . Seven discrete cycles Here used unless other-
1-Jise stated ( some of the earlier work used s t atistical cycles based on 
flow rate and time) . I n the accompanying figure onl y one of the two lo1..-er 
reservoirs is shown. The two reservoirs were used alternately in order to 
permit discrete cycling. 
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Figure 7. Schematic Diagram of Perfusion Apparatus 
Outline of Structure Proof for Aldosterone (S4) 
Aldosterone is believed to exist in solution primarily in the 
hemiacetal form Ia (Figure 8). Oxidation of I ~~th sodium periodate 
resulted in the formation of compound III (a ~ -lactone) via lactonization 
of the etioacid with the hemiacetal hydroxyl. III was reduced with 
hydrogen and platinum first and then subjected to the conditions of the 
"Jolff-Kishner reaction in an attempt to reduce the aldehyde at C-18 to a 
metmJl group. The reaction led in addition to the expected compound XV 
to a mixture of other products interpreted as having been formed from an 
internal Cannizarro reaction. Thus X is the acid and V (not isolated 
pure) is the alcohol >-lhich has lactonized with the C-20 acid. The normal 
liolff-Kishner reduction product on oxidation with chromic anhydride 
resulted in XVIII, a compound known from other sources. Another approach 
to the problem was via the monoacetate II which on oxidation with cro3 
resulted in the ""6 -lactone IV. Hydrolysis of the mono acetate, oxidation 
with Nai04 followed by reduction with H2 and Ft represented an independent 
pathway to X. 
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Figure 8. Outline of Structure Proof for Aldosterone 
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Preparation of Progesterone-4-e14 
The progesterone-4-c14 used in these experiments was prepared under 
contract with the Endocrinology Study Section of the National Institutes 
of Health, U. S. Public Health Service by Thompson, Yates, and Odell (Th) 
at Frosst and Co. in Montreal, Canada. The preparation was based on 
syntheses reported earlier by Belleau (Bl9), Fujimato and Prager (F3, Fh), 
and by Heard and Ziegler (H27). A schematic outline is pre sen ted in 
Figure 9. 
0 
C..oU 
0 
Fi gure 9. Schematic Outline of Progesterone-4-c14 Synthesis -of 
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Table XXIV 
Composition of Tyrode 1 s Sol ution 
Constituent Grams per 100 cc. water 
NaCl o. s 
KCl 0.02 
CaC12 0.02 
MgC12 o.o1 
NaJICOJ 0.1 
NaH2p04 o.oo5 
Glucose 0. 1 
Oxygen saturated 
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1 
Introduction: On the basis of various in vitro studies, progesterone 
appeared to be an intermediate in the biosynthesis of some of the adrenal 
cortical hormones. In particular, perfusion of the isolated cow adrenal 
with blood media containing added progesterone had led to the isolation 
of 11~-hydroxyprogesterone, 17a-hydroxyprogesterone, corticosterone, 
17a-hydroxycorticosterone, allopregnane-3,20-dione, allopregnane-l?a-ol-3,20-
dione, and allopregnane-3~,17a-diol-20-one. Since these studies demonstrated 
that progesterone did in fact lead to adrenal cortical hormones, it appeared 
possible that other hormones of known or unknown constitution mi ght be 
pre sent in the above perfusates . Therefore, in the present research, 
adrenal perfusions with progesterone were performed and the resultant 
m.i.'tture s investigated. 
Thus, the purpose of this research was to perfuse bovine adrenals 
with blood containing added progesterone in order to obtain substances of 
adrenocortical or other biological activity, metabolites of these hormones 
or their intermediates, and in fact, any and all substances derived from 
progesterone. 
To achieve the aims of the research, four basic stage s were involved. 
These were: 1. perfusion, 2. isolation of the steroids from the perfusates, 
3. fractionation of the resultant mixtures into pure crystalline components, 
and 4. identification of these components. 
Perfusion: The first series of perfusions was performed at G. D. Searle 
and Co ., Chicago. In total 600 cow adrenals were perfused with 600 liters 
of bovine blood~ Tyrode's solution (1:1) containing 90 g. of added 
progesterone . The second series was performed by (C . A. Fish at t he 
Worcester Foundation. In this, 73 cow adrenals were perfused with 73 liters 
of citrated -vmole blood containing 5.1 g. of progesterone-4-c14 
(1. 47 millicuries/mmole). 
2 
Isolation: The steroids were isolated from the first perfusate by adsorbing 
them onto charcoal and subsequently eluting them with acetone . Control 
studies performed before this research had indicated the method to be 
sufficiently efficient to be used. During this work however, some 
disadvantages of the charcoal procedure such as destructive nature toward 
certain steroids were repor ted by other investigators. Further, several 
other procedures for isolating corticosteroids from blood were described . 
One of these involved the shaking of the blood vlith solvents such as 
isopr opyl acetate. Since this latter me t hod appeared to have merit, the 
pr esent research included a quantitative comparison of it with the charcoal 
procedure . This aspect of the work consisted of perfusing bovine adrenals 
with progesterone-4-c14 and subjecting aliquots of the perfusate to both 
procedures . The respective extract s were then compared (among other factors) 
for total recovery of radioactivity, amount of formaldehydogenic substance 
(on oxidat ion with periodic acid), and number of zones detected by col or 
tests on paper chromatography of the residues. In these experiments the 
charcoal was pretreated in va.rious ways such as digestion with potassium 
cyanide and with Versene (a chelating agent) in an attempt to reduce 
des tructive surfaces . Furthermore, an attempt was made to remove the 
steroids from the charcoal via countercurrent elution at room temperature 
in a column in order to minimize chance for destruction due to heat. The 
room temperature elution proved to be successful in that the bulk of the 
radioactivity was removed i n thi s step. The recovery of radioactivity was 
the same for both methods but the solvent procedure did hmvever appear to 
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have an advant age in that the formaldehydo genic values obtained were 
somewh at higher than those with the charcoal procedure . 
Finally, an attempt 1vas made to compare the crystalline recover y of 
cortisone from water, using the treated charcoal and the isopropyl acetate 
procedur es . This experiment was performed since it had been r epor t ed that 
u si ng untreated charcoal to adsorb cortisone and subsequent, continuou s 
extraction by hot solvents in a soxhlet apparatus, to elute the corti sone, 
a crystalline recovery of 25-44% was obtained. The present comparat ive 
experiment resulted in crystalline recoveries of 33 and 92% respectively 
using the above modified charcoal and solvent procedures. This final 
experiment on the crystalline recovery of cortisone clearly demonstrated 
the superiority of the solvent extraction procedure to the charcoal 
procedure . The former was therefore used in the subsequent progesterone-4-c l4 
perfusions . 
Fractionat ion of the extracts: The methods used to fractionate the mixtures 
extr acted from the perfusatP-s included t he following : adsorption chromatography 
on silica gel, partition chromatography on paper and a diatomaceous earth 
(Celite), and fractional crystallization. Components were generally 
consi der ed sufficient ly pure for structure determinat i on when crystallized 
t o constant melting point. 
Identification of components: Since components were frequently isolated in 
quantities of the order of l mg., the identifications had to be made on a 
micro sc ale. The classical methods of organic chemistry such as degradations 
and microanalyses for the elements had to be used very judiciously. I n 
many cases t here was insufficient material for a microanalysis. 
To overcome this difficulty and l earn the nature of functional groups 
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present, spec t rophotometry was used either directly or in conjunction 
with various color tests and microreactions. Another property found to 
be very useful was rates of movement of substances on paper or column 
chromatography. A study of relative running rates frequently suggested 
the number of oxygen atoms present on the molecule. Thus, spectrophotomet ry 
(infrared, ultraviolet, and visible), and chromatographic mobility data, 
combined with analogy, tacit assumptions that component s were steroidal, 
and intuition uere most valuable tools used throughout this research . 
Although supporting data were used, the infrared spectrum of either 
the i solated sample or a degradation product, obtained through an 
unambi guous reaction sequence, was compared with that of an authentic 
sample in order to establish identity. 
Steroids identified from these perfusates: 
l. progesterone 
2. ~4-pregnene-20~-ol-J-one 
3. allopregnane-3;20-dione* 
4. allopregnane-3~-ol-20-one 
5. allopregnane-l7a-ol-3,20-dion~~ 
6 . allopregnane-J~,l7a-diol-20-one 
7 . l7a-hydroxyproge sterone{< 
8. 11}3 -hydroxyprogesterone* 
9. ~4-androstene-ll~-ol-3,17-dione~~l-
10. 6~-hydroxyprogesterone 
ll. l7a-hydroxy-ll-desoxycorticosterone 
12. corticosterone* 
13. 19-hydroxy-ll-desoxycorticosterone 
14. 17 cr.-hydroxycorticosterone-)~ 
1). allopregnane-Jcr.,l7cr.,ll~,21-tetrol-20-one 
16. ~4-pre gnene-6~,17cr.,21-triol-J,20-dione 
17 . allopregnane-3~,17a,ll~,21-tetrol- 20-one 
18. ~4-pregnene-17a,l9,21-triol-J,20-dione 
.,-:-From progesterone and progesterone-l+-rcl4 
~~ 11. 
,...,,From progesterone-4-C..LLJ. 
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Test of purity experiments : Experiments l·Iere also performed on t he purity 
of some of the steroids isolated from the progesterone-4-c14 perfusates . 
In essence the methods involved chromatographing an aliquot of the sample 
on paper and determining the radioactivity in the region corresponding to 
the desired component relative to the total radioactivity present. These 
experiments indicated that samples otherv.~s e thought to be pure could 
contain considerable amounts of impurity which were not detected by other 
methods used. Furthermore, it was found that some destruction of steroid 
appeared to be occuring during paper chromatography; probably during the 
air drying in daylight . Evidence for this is that in several r echromatog-
raphies of the zone corresponding to 17a-hydroxycorticosterone, the 
purity was found to be considerably lower than in the first. 
Discussion: The isolation of substanc es 10 and 16 represents the first 
demonstrati on of hydroxylation occuring at carbon 6 by adrenal perfusion. 
6~-Hydroxylation has, however, been reported earlier follow-ing incubation 
of 11-desoxycorticosterone with ho g adrenal brei. The isolation of 
substances 13 and 18 represents the first demonstration of hydroxyl ation 
at carbon 19 by adrenal perfusion and is the first demonstration of the 
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formation of 21 carbon steroids hydroxylated at c~l9 by any in vivo or 
in vitro system. Simultaneous with the identification of substance 13 
in these perfusates, 19-hydroxy-~4-androstene-3,17-dione was identified 
as a component formed, following incubation of ~4-androstene-3,17-dione 
with adrenal tissue. Oxidation of substance 18 with sodium bismuthate 
resulted in a mixture from which was crystallized and identified, 
19-hydroxy-~4-androstene-3,17-dione. The structure of substance 18 
(isolated in quantity of about 10 mg.) appears therefore to be established 
as ~4-pregnene-17a,l9,2l-triol-3,20-dione, a hitherto urucnown substance. 
Although the latter compound originally appeared to be biologically active 
in sodium ion retention assays, subsequent assays have failed to reproduce 
the activity. It now appears that a trace impurity of extremely high 
activity was present in the sample originally tested. Although the two 
samples tested were purified differently, the melting point ranges were 
identical. The possibility of an impurity's causing the initial activity 
is now being investigated by assaying appropriate mother liquors. 
The isolation of substance 9 is among the first direct indic ations 
of a C-21 steroid transformed into a C-19 steroid. It was reported earlier 
that trace amounts of ~4-androstene-3,11,17-trione were isolated from 
adrenal perfusions of cortisone. 
The isolation of substance ll has added substantiation to the postulated 
scheme of corticosteroid biosynthesis in which it had been proposed as an 
intermediate but never isolated. 
The isolation of substances 1,3,5,6,7,8,12 and 14 had been reported 
before this research and at present represents only confirmatory findings . 
The remaining substances identified are all reduction products in ring A or 
at C-20 of progesterone or progesterone derivatives. 
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